








If

Cassier's Magazine

Engineering Illustrated

Volume X

May, 1896—October, 1896

The Cassier Magazine Company

World Building, New York

33 Bedford Street, London

B981J



Copyright, 1896, by The Cassier Magazine Company.

Press of Louis Cassier & Company, New York and London



INDEX TO VOLUME X.

Megass and Refuse Furnace,

Chas. A. Hague,

Whitfield Price Pressinger,

Abell, William Price
Illustrated.

Absorption of Water by Dry Earth,

Air, Energy Transmitted by Compressed,
Air for Street Railroads, Compressed,

Illustrated.

American Machine Tools in a Swiss Shop, .....
Baffle Plates in Boiler Flues, .......
Barr, Prof. John H. : Steam Turbines, .....

Illustrated.

Barstow, W. S. : Local Developments of an Electric Central Station,

Battery for Central Stations, The Storage, . . Arthur E. Childs,

Bearings for Heavy Vertical Shafts, Step, .

Illustrated.

Belts and Their Use, Conveying
Illustrated.

Berg, Walter G. : The Value of Engineering Publications in Lawsuits

Biographical Sketches :

Allen, Horatio,

Thomas Robins, Jr.,

Bessemer, Sir Henry,
Illustrated.

Alfred Mathews,

Dr. R. H. Thurston, 323,

Brush, Charles F., .

Richards, Francis Henry, ......
Sellers, William, ........
Webb, Francis William, M. Tnst. C. E., . . J. N. Jackson,

Binsse, Henry B. : Milling Machine for General Shop Use in America, The,
Illustrated.

192

237

448

105

72

316

373

359

310

315

285

129

471

43.

3b

23-

i3.=

338

Boilers :

Baffle Plates in Flues, .....
Best Way to Keep Clean, ....
Maintenance and Repairs of Marine, . . J. F. Walliker,

Illustrated.

A Novel Fusible Plug, ....
Corrosion from Pure Water, ....
For Electric Stations, ....
Furnaces on Western American River Steamboats,

Water Tube in the United States Navy, .

Boats, Fire, . . . . . . . H. de B. Parsons,
Illustrated.

British Admiralty and Contractors' Drawings, The, .

Brooksbank, F. C. : Sand Blast Apparatus for Cleaning Castings,

Charles Desmond,
Illustrated.

Cables, Elevator,

Campbell, Harry E.
Illustrated.

Car Line for Paris, A Closed Conduit Electric Street,

Cary, Albert A. : Steam Boilers, Their Equipment and Management,

Fly-Wheel Novelties,

316

315

452

395

394

159

236

76

28

7i

277

269

261

320

197



INDEX.

Cathcart, Wm. Ledyard : American Naval Engineers, Their Rank and Titles,

Naval Weakness of the United States, .

Current for Anchoring Foundation Bolts, Portland, ....
Central Station, An Historic Electric, . . . John W. Lieb, Jr..

Illustrated.

Chesney, C. C. : Electric Power from the Montmorency Falls in Canada,
Illustrated.

Childs, Arthur E : The Storage Battery for Central Stations, .

Chimney, Demolishing a Tall Factory, .....
Illustrated.

Chimneys, The Proper Height of Factory, . . . . .

Clark, George L. : Some Unusual Forms of Locomotives, .

Illustrated.

A Few Steam Engine Contrasts, .

Illustrated

Coal Beds, New Sources of Energy after, .....
Coal Waste in Mining Regions, .......
Coke-Drawer, A Mechanical, ....

Illustrated.

Condensers for Steam Engines,

Condensing Water, Cooling Systems for,
Illustrated.

Cook, Robert A. : Mechanical Coke-Drawer, A, .

Illustrated.

Cooling Systems for Condensing Water,
Illustrated.

Corrosion, Unusual, of Marine Machinery,

Cranes, Foundry, .....
Illustrated.

Decimals, The Folly of Working Small,

Desmond, Charles : Elevated Cables, .

Donkin, Bryan, M. Inst. C. E. : Steam Raising,

Drawings, The British Admiralty and Contractors', .

Economics in the Foundry,....
Illustrated.

Educational Purposes, Government Expenditures for,

Robert A. Cook,

William H. Weightman,
W. G. Starkweather,

W. G. Starkweather,

H. Maccoll,

A. E. Outerbridge, Jr.,

C. O. Heggem,

PAGE

46

409

399

57

310

155

320

243

457

234

240

362

355
16

362

16

468

211

319

269

99
7i

5i

80

Electricity :

Electric Central Station, An Historic,
Illustrated.

Electric Central Station, Local Developments of an,

Electric Current Supply from Central Stations,

Electric Fire Pumps, ....
Electric High-Pressure Concentric Cables and Their

Accessories, ......
Illustrated.

Electric Power from the Montmorency Falls in Canada,
Illustrated.

Electric Power Transmission Line in the World, The Longest

Electric Railroads, Cheap Ground Returns for, .

Electric Railway, A Novel Seashore, .

Illustrated.

Electric Street Car Line for Paris, A Closed Conduit,

Electric System for Railroads, The Three-Rail,

Electric Underground Trolley Road at New York City
Illustrated.

Electrical Plants, The Insurance of, .

Engineering Instinct in the Lower Animals, .

Engineering Notes from Japan and China,
Illustrated.

Engineering Publications in Lawsuits, The Value of,

Engineers, American Naval, Their Rank and Titles,

John W. Lieb, Jr., 57

W. S. Barstow,

John W. Lieb, Jr.,

Chas. L. Newcomb, .

359
102

307

J. Hetherington, . 382

C. C. Chesney, 3

.ongest,

Magnus Volk,

3i8

400

163

320

3i8

156

R. H. Pierce,

F. F. Prentiss,

380

397

431

Walter G. Berg,

Wm. Ledyard Cathcart,

129

46



INDEX.

Engines :

Brains in Modern Steam Engine Building,

Classification of Use, .....
Condensers for Steam. ....
Five-Crank Marine, .....

Illustrated.

Modern English Traction, ....
Illustrated.

Modern Steam, The, . . . . .

Power Distribution in the Cylinders of Compound
and Triple Expansion Engines, .

Illustrated.

Some Points of Interest in the Early History,

Vertical, for Stationary Purposes, .

Illustrated.

A Few Contrasts, .....
Illustrated.

Errors in Estimating Costs,

Fire-Boats, .......
Illustrated.

Fire from Steam Pipes, . . . .

Fire on Machinery, The Effect of, .

Fletcher, William : Modern English Traction Engines,
Illustrated.

Fly-Wheel Construction, Unusual,

Fly-Wheel Novelties, .....
Illustrated.

Forgings in America, Making Steel,
Illustrated.

Foundry Cranes,......
Illustrated.

Foundry, Economics in the, . . . .

Illustrated.

Friction of Machine Bearings, ....
Fuel in Germany, Peat, .

Illustrated.

Fuel Problems, Some, .....

W. D. Wansbrough, .

Wm. H. Weightman,
Thomas Mudd, .

William Fletcher,

Wm. M. Henderson, M.

PAGE

256

236

355

265

135

234

E. 23

Chas. H. Manning, U. S. N., 403

Geo. L. Clark,

H. de B. Parsons,

Harry E. Campbell, .

H. F. J. Porter, .

A. E. Outerbridge, Jr.,

C. O. Heggem, .

Louis Stern,

Furnaces, Megass and Refus
Illustrated.

Otto F. Pfordte, M. E.,

Joseph D. Weeks,

. William Price Abell,

Assoc. M. Inst. C. E.

Furnaces on Western American River Steamboats, Boiler, ....
Glass for Factory Windows, Ribbed,

Gold Placers in South America, The Washing of,

Illustrated.

Government Expenditures for Educational Purposes, ....
Hague, Chas. A. : Energy Transmitted by Compressed Air, .

Hall, W. E. : Economic Workshop Output, ......
Hammer, Best in the World, .......
Hammers, The Use of Power, . . G. H. Scranton.

Illustrated.

Heat and Work, .....••••
Heating and Ventilating the Operating Room of the Chicago Telephone Company,

Heating of Buildings, The Rational, . . .

Heggem, C. O. : Economics in the Foundry, .....
Illustrated.

Henderson, Wm. M., M. E. : Power Distribution in the Cylinders of Compound
and Triple Expansion Engines, . .

Illustrated.

Hetherington, J. : Electric High-Pressure Concentric Cables and Their Accessories
Illustrated

Horseless Carriage History, Scraps of,

Illustrated.

Horse-Power per Square Foot of Floor Space in Electric Central Stations,

23

382

76

J51



INDEX.

R. H. Pierce,

Geo. L. Clark,

Chas. L. Newcomb, M. E.,

Ice Machines, Building Small,

Insurance of Electrical Plants, The,

Invention, The Reversal, .... . .

Iron and Steel, Low Temperature Tests of, .

Jackson, J. N. Webb, .... Francis William, M. Inst. C. E

Kiersted, Wynkoop : American Practice in the Use of Steam for Pumping Water,

King, C. R. : Locomotives of the Great Western Railway, England, .

Illustrated.

Kunstadter Steering Screw, The, . ...
Illustrated.

Labour in Switzerland Opposed to Factory Systems, Skilled, ....
Lartigue Railway System, ........

Illustrated.

Lieb, John W., Jr. : An Historic Electric Central Station,
Illustrated.

Electric Current Supply from Central Stations, .....
Locomotives of the Great Western Railway, England, . C. R.King,

Illustrated.

Locomotives, Some Unusual Forms of,

Illustrated.

Machinery, Water-works, ....
Illustrated.

Machinery for Increasing the Useful Performance of Horses,

Machinery, Unusual Corrosion of Marine, . . H. Maccoll,

Machine Tools in a Swiss Shop, American, ....
Manning, Chas. H., The Vertical Engine for Stationary Purposes,

Illustrated.

Manufactures in Japan, The Danger of Cheap,

Marine Boilers, Maintenance and Repair of
Illustrated.

Marine Engines, Fire-Crank, ....
Illustrated.

Marine Machinery, Unusual Corrosion of, .

Megass and Refuse Furnaces, ....
Illustrated.

Melville, Commodore, and the U. S. Naval Academy,
Metric Screw Thread Systems, . ...
Milling Machine for General Shop Use in America, The,

Illustrated.

Montmorency Falls in Canada, Electric Power from the,

Moto-Cycle, The Future of the,

Mudd, Thomas : Five-Crank Marine Engines,

J. F. Walliker. .

Thomas Mudd,

H. Maccoll,

William Price Abell,
Assoc. M. Inst. C. E.,

Henry B. Binsse,

C. C. Chesney,

PAGE

394

380

399

238

, 133

224

204

73

75

477

57

102

204

243

168

317

468

72

403

235

452

266

468

192

474

72

338

3

237

266

Naval Engineers, Their Rank and Titles, American,

Overworked, .....
Naval Weakness of the United States, . .

Newcomb, Chas. L., M. E. : Water-works Machinery,
Illustrated.

Electric Fire Pumps, ....
Odell, W. H. : Filtering Feed Water for Steam Boilers,

Illustrated.

Ordnance, Development in, ...
Outerbridge, A. E., Jr. : Foundry Cranes,

Illustrated.

Paint for Machinery,.....
Paints for Ironwork, .....
Parsons, H. de B. : Fire-Boats,

Illustrated.

Patchell, William H. : Steam Superheating, .

Illustrated.

Wm. Ledyard Cathcart,

Wm. Ledyard Cathcart,

46

475

409

168

307

365

239

211

398

238

28

115



INDEX. vii

PAGE
Petroleum Joints That Will Not Leak, ..... .78
Pfordte, Otto F.; M. E. : Washing of Gold Placers in South America, The, 62

Illustrated.

Pierce, R. H. : Insurance of Electrical Plants, The, ..... 380
Pipe-Making Establishment, A Primitive, ...... 396
Porter, H. F. J. : Making Steel Forgings in America, ... %-t

Illustrated.
°

Portraits :

Allen, Horatio,

Bessemer, Sir Henry
Brush, Chas. F.,

Richards, Francis H.
Sellers, William,

402

322, 325, 333, 436

242

2

162

Webb, Francis W., ' . . . . . . . . .82
Power :

Automatic Coal Weighing Machines for Power Stations, Francis H. Richards, . 264

Future of Power Development, The, . . George S. Strong, . 294
Horse-Power per Square Foot of Floor Space in Electric Central Stations, . 154

Power Distribution in the Cylinders of Compound and Triple Expansion
Engines, ...... Wm. M. Henderson, M. E., 23

Illustrated.

Use of Power Hammers, The, . . . G. H. Scranton, . 304
Illustrated.

Water Power from Small Streams, ....... 395

Prentiss, F. F. : Engineering Notes from Japan and China, .... 431
Illustrated.

Pressinger, Whitfield Price : Compressed Air for Street Railroads, . . 105
Illustrated.

Prime Movers, Something About, ....... 239

Profit Sharing, .......... 156

Pumps, Electric Fire, . . . . . Chas. L. Newcomb, 307

Railway Survey, The American Intercontinental ..... 396
Rapid Transit, The World's Desire for, . . George E. Walsh, . 272

Richards, Francis H. : Automatic Coal Weighing Machines for Power Stations, . 264

Robins, Thomas, Jr. : Conveying Belts and Their Use, .... 285
Illustrated.

Sand Blast Apparatus for Cleaning Castings, . F. C. Brooksbank, . 277
Illustrated.

Saw-Mills, Early American, . . . . Joel Sharp, . . 207

Scranton, G. H. : The Use of Power Hammers, ..... 304
Illustrated.

Screw Thread Systems, Metric, . . . . . . . 72

Seashore Electric Railway, A Novel, . . . Morgan Volk, . . 163
Illustrated.

Shafts, Step Bearings for Heavy Vertical, ...... 315
Illustrated.

Sharp, Joel : Early American Saw-Mills, ....... 207

Smokeless Furnaces, Economy of ...... 479

Smoke Preventer, The Requirements of a, . . . . . . 478

Soot Catcher, The Lesson of a, ....... 236

Specialisation in Engineering, ........ 476

Specialists, Manufacturing, ........ 476

Starkweather, W. G. : Cooling Systems for Condensing Water, . . .16
Illustrated.

Station, An Historic Electric Central, . . . John W. Lieb, Jr., . 57



Vlll INDEX.

Steam :

Boiler Equipment and Management,
Filtering Feed Water for Boilers,

Illustrated.

Raising, ....
Albert A. Cary, .

W. H. Odell,

Bryan Donkin, .

M. Inst. C. E.

W. D. Wansbrough,Brains in Modern Engine Building, ..

Classification of Engines, .....
Some Points of Interest in the Early History of the Steam Engine,

American Practice in the Use of Water for Pumping, Wynkoop Kiersted,

Fire from Steam Pipes, .......
Superheating, ..... William H. Patchell

Illustrated.

Turbines, ...... Prof. John H. Barr,
Illustrated.

A Few Engine Contrasts, .... Geo. L. Clark,
Illustrated.

Stern, Louis : Peat Fuel in Germany, . . . .

Illustrated.

Storage Batteries for an Alternating Central Station,

Strainer, A Good Substitute for a Tank, ......
Illustrated.

Strike Against Short Working Hours, A, ....
Strong, George S. : The Future of Power Development,

Tank Strainer, A Good Substitute for a,

Illustrated.

Temperatures, Excessive Stoke Hold ......
Tests of Iron and Steel, Low Temperature, .....
Thornycroft Strike, .........
Tool Rooms in Machine Shops, ......
Trolley Road at New York City, The Electric Underground,

Illustrated.

Thurston, R. H. : Biographical Sketch of Sir Henry Bessemer,
Illustrated.

Turbines, Steam, .....
Illustrated.

Turbines, Vertical vs. Horizontal, ^^^
Volk, Magnus : A Novel Seashore Electric Railway,

Illustrated.

Walsh, George E. : The World's Desire for Rapid Transit, .

Wansbrough, W. D. : Brains in Modern Steam Engine Building,

Water by Dry Earth, Absorption of,

Prof. John H. Barr,

Samuel Webber,

Water for Steam Boilers, Filtering Feed, .

Illustrated.

Water Works Machinery, ....
Illustrated.

Webber, Samuel : Vertical vs. Horizontal Turbines,

Weeks, Joseph D. : Some Fuel Problems,

Weighing Machines for Power Stations, Automatic Coal,

Weightman, Wm. H. : Condensers for Steam Engines,

Work and Heat, ......
Workshop Output, Economic, ....

W. H. Odell,

Chas. L. Newcomb, M. E.

Francis H. Richards,

W. E. Hall,

PAGE

197

365

99

256

236

233

224

160

115

• 373

457

in

480

3 J 9

78

294

319

79

238

• 478

397

• 156

323, 435

• 373

163

272

256

237

365

168

202

298

264

355

234

151





J?i^ysyCiXf pf-- /t^C^C^^/



t«5R^
MAY 1 1896

,- s. ^Ttm &**

Cassier's Magazine.
Vol. X. MAY, 1896. No.

THE FALLS AT .MONTMORENCY CANADA.

ELECTRIC POWER FROM THE MONTMORENCY FALLS IN

CANADA.

By C. C. Chesney.

>HE Falls of Mont-
morency, situ-

ited eight miles below
the far-famed and his-

toric city of Quebec, are

the scene of one of the

most interesting and suc-

cessful electric transmis-

sions of power in Amer-
ica. The cataract, al-

most too well known to

need any description, is

the chief natural attrac-

tion in that vicinity, and while not pos-

sessing the magnitude of Niagara,

there is yet something of the same

grandeur and magnificence in the wild

rush of its waters, and the same deaf-

ening roar that stuns for a moment

the mind of the most stolid beholder.

From a height of more than 275 feet

the waters fall perpendicularly over the

face of the rock, forming, in succession,

furious cascades and seething pools in

the ravine below, and rushing off to

-meet the waters of the majestic St.

Lawrence.
It is the especial object of this article

to call the attention of those interested

in the general development of water

powers, and especially of those who
may have occasion to investigate the

problem of the transmission and distri-

bution of power by alternate currents of

electricity, to the method and apparatus

there used, in the belief that it is an ob-

ject lesson, not only of scientific inter-

est, but of great practical value.

Copyright, 1896, by The Cassier Magazine Company. All rights reserved.
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To a people less conservative than

the "habitant,"—less apt to revel in

the memories of the shrouded past,

—

the utilitarian possibilities of this beau-

tiful cataract might have appealed

earlier, but with this mystic people, and
within sight of one of the largest cities

above the face of the falls, with the ob-

ject of utilising some of the power for

manufacturing. A cotton mill was
built at the foot of the bluffs, and,

shortly after, a small arc station was
erected for the purpose of doing arc
lighting in the city of Quebec.

MONTMORENCY FALLS, SHOWING NOS. I AND 2 GATE HOUSES.

of Canada, the massive energy of Mont-
morency was allowed to waste away for

years in dashing itself into the chasm
below.

It is but a few years ago that a com-
pany, organised in Quebec, constructed

a dam across a narrow gorge in the

Montmorency river at a point 1500 feet

In the year 1889 the present Mont-
morency Electric Power Company es-

tablished, in connection with the arc

plant, a small incandescent plant of

about 100 horse-power capacity, using

2000-volt alternate current machines,

built by the Royal Electric Company of

Montreal, and transmitting the current
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THE LIGHTING STATION, SHOWING THE 48-INCH STEEL PIPE SUPPLYING THE COTTON
COMPANY WITH POWER.

to Quebec with a loss ot over 50 per

cent. This very unsatisfactory and un-

economical plan was continued until the

summer of 1894, when a change of

management brought to the service of

the company the well-tried experience

and engineering ability of Mr. Frank
H. Badger, Jr., as general manager, and
Mr. Louis Burran, as electrician, to

whose intelligent work and attention to

the practical details the final success of

this plant is largely due.

Acting under the advice and direc-

tion of these gentlemen, the company
increased the capacity of the old dam
to a minimum of about 12,000 horse-

power. A short tunnel was run through
the solid rock, connecting the dam to

the wooden flume which continues

along the face of the adamantine bluffs

for a distance of 1500 feet to the gate

house on the brow of the hill. The
construction of this flume was a task of

considerable magnitude, involving the

exercise of much engineering skill.

From the gate house, on the brow of

the hill, a steel-riveted tube, having a

diameter of 72 inches and a length of

1 100 feet, is carried down a steep in-

cline to the power house, where the

pipe-line terminates in a large steel re-

ceiver which supplies the water to the

turbines.

Owing to the extremely high head
and the great velocity at which the

wheels must necessarily run, they were
required to be very simple, stronger

and more compact than is the general

rule. The wheels adopted are the
'

' Little Giant '

' turbines, manufactured
by J. C. Wilson & Co., of Picton, On-
tario. The noticeable feature of these

wheels, besides their simplicity, is the

almost entire absence of lateral or end
thrust, so frequently found in the ordin-

ary types. They have two sets of

buckets, keyed on the same shaft, and
the buckets are so formed that what-

ever end thrust there may be from the

one set is counteracted by that of the

other. The particular size installed at

the Montmorency falls has a capacity

of 700 horse-power and runs at a speed

of 600 revolutions per minute. The
'

' Little Giant
'

' turbine is compara-
tively little known outside the Domin-
ion of Canada, but some idea of its sim-

ple and compact nature can be gained

from the fact that this 700 horse-power

wheel is only 21 inches in diameter and
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THE MAIN STEEL PIPE, WITH GATE HOUSE IN THE DISTANCE.

has an extreme length not exceeding
2 feet.

The generating station is a two-story
structure, built of native stone, and is

150 feet long by 50 feet wide. It is

situated in a picturesque and conven-
ient spot between the hills and the Que-
bec, Montmorency & Charlevoix Rail-

road. The first floor of the building is

devoted entirely to the turbines and the
necessary gate mechanism. Along one
side of the room the numerous wheels
are arranged in a row, from which the
belts proceed at an angle of 45 degrees
to the dynamos on the floor above.
The water is taken from the receiver in

this same room and is discharged partly

into the tail race which empties into the
St. Lawrence river, and partly into the
48-incb steel pipe which supplies water
to the wheels in the mills of the Mont-
morency Cotton Manufacturing Com-
pany.

The second floor is the dynamo room.
It is a large, well ventilated and well
lighted space, having practically the
same dimensions as the building. To
the practised eye of the engineer, it is

at once apparent that the design and
construction here have been carried out

in accordance with the best engineering

skill. It is unfortunate that electric

lighting stations, as a rule, have been
hurriedly constructed with any sort of

material that happened to be near at

hand, and equipped with that apparatus
which was offered at the lowest price,

regardless of quality. This room is,

therefore, of more than usual interest,

since in its equipment, or that proposed
for future developments, every neces-

sary improvement has been introduced

which in any way promised to increase

the reliability and efficiency of the plant,

and to reduce the cost of operation.

The problem in electrical engineering

which was presented to the Montmor-
ency Electric Power Company is typical

of the problems presented to all enter-

prises for the utilisation of a waterfall

by the transmission and distribution by
electricity of its energy to distant points.

The prime requisites in any such sys-

tem for power transmission and distri-

bution are, necessarily, simplicity and
reliability. The simplicity and relia-

bility of the single-phase alternating

system are well known to all electricians

and the electrical public in general.

This system has been proven and tried



ELECTRIC PO WER A T MONTMORENCY.

in numerous cases where it has been the

sole dependence of the larger enter-

prises, and where the practicability of

transmitting power in bulk by this sys-

tem has been demonstrated beyond
question. It lacks, however, range and
flexibility ; it lacks a motor which com-
mercially answers the requirements of

power distribution ; and it lacks the

ability to be readily converted into

direct currents for railroad and elec-

trolytic work.
In the multiphase systems, however,

which have been developed within the

last few years by the variouselectrical

companies, are to be found all these re-

quirements. Coupled with

the simplicity and reliability

of the single-phase systems,

are to be found range and
flexibility. The induction

motor forms the missing

element for commercial
power work, and extends its

range far beyond that ever

realised by the direct- cur-

rent motor. When we now
add the two-phase or three-

phase rotary transformers,

we have a system, ideal not

only for long distance trans-

mission purposes, but ideal

for general central station

work, whether the energy
be primarily furnished by
steam or water power.

Naturally, then, in order

to obtain the most com-
plete and commercial re-

sults from the power at its

disposal, the system adopted
by the Montmorency Elec-

tric Power Company is a

multiphase system. The
particular multiphase system

is the S. K. C. (Stanley-

Kelly-Chesney) two-phase
system as applied by the

Stanley Electric Manufacturing Com-
pany, of Pittsfield, Mass., U. S. A.

The generators are situated on the

north side of the dynamo room. The
foundations are of solid masonry,

through which are run a number of tie

rods which hold an insulating cap to the

solid bed rock of granite. The insulat-

ing cap consists of 10 by 12-inch tim-

bers which have been boiled in paraffine

in order to completely remove all moist-

ure. The bed plates of the machines
are held in place by lag screws set into

the paraffined timber. Each generator

delivers alternating currents, differing

in phase by 90 degrees, to two inde-

pendent circuits at an electromotive-

force of from 5200 to 5700 volts. By
means of rheostats in the fields of the

generators, the electromotive-force can

be varied between these limits, to meet
the requirements of the circuits.

The frequency is 66 periods per sec-

ALONG THE PIPE LINE.

ond—that is, the current is reversed

approximately 8000 times a minute.

The generators are what are commonly
known as 8000-alternation machines.

This frequency was selected as being

one of the standard frequencies advo-

cated by the engineers of the Stanley
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Electric Manufacturing Company and
in preference to 133 periods per second

(16,000 alternations) ; for, while the

loss in the core of the transformers was
increased from 20 to 30 per cent., and
the regulation of the generators from a

total of 2 per cent, to a total of 3 per
cent., the self-inductive drop in the

transmission lines was such an impor-
tant factor that the lower frequency
was considered preferable, as giving,

on the whole, a better regulating and
more economical system.

The currents delivered by the gener-

ators are carried by heavily insulated

cables to the switchboard, where the

attendant, by suitable switches, may
connect the generators to the transmis-

sion lines. Two separate pole lines

have been constructed to Quebec. One
follows the route of the Quebec, Mont-
morency & Charlevoix Railroad, carry-

ing two transmission lines, each hav-
ing a capacity of 500 K. W. ; the other

follows the old Beauport road, carry-

ing one transmission line of a capacity

of 500 K.W., and provision for an extra

line. All the lines are entirely overhead,
and are entirely supported on wooden
poles, with the exception that at the

crossing of the Charles River they are

carried across the river on iron poles,

125 feet high.

Triple petticoat porcelain insulators

were used, and were made especially

for this plant by a Canadian manu-
facturer, differing, however, but slightly

from the design now in common use
for high-voltage work. The line wire

is No. o, B. & S. bare copper. The
drop, due to the ohmic resistance of

the wire, is 8 per cent., which is in-

creased by the self-induction to 10 per
cent. On the extreme ends of the top

cross-arms of each pole line are strung

galvanised iron wires, which are

grounded at every third or fourth pole.

These iron wires, together with light-

ning arresters, placed at each end of

the transmission lines, give a complete
and safe protection from all lightning

storms. So perfect has been this pro-

tection, that a discharge in either the

generating station or sub-station is

practically unknown.
The transmission lines enter the city

of Quebec in that portion known as

St. Rochs, and the sub-station is

located in the centre of the industrial

district, where power is needed for the

THE DYNAMO ROOM.



ELECTRIC PO WER A T MONTMORENCY.

tanneries and shoe factories for which
the city is noted. The sub-station is

90 feet long by 65 feet wide, and is two
stories high, built of brick, with a
stone front. The building consists of a

store-room on the second floor, the

offices of the company in the front, on
the first floor, with the room contain-

ing the distributing switchboard imme-
diately in the rear. The transformer
house is a part of the same building,

but only one story high.

The transmission lines enter the sub-

station through the cupola to the high-

potential receiving switchboard, which
contains special high-voltage switches.

These switches are mounted on marble
and are fitted with special self-enclosing

boxes, which are intended to cut off

any possible arc that may be formed
on opening the 5000-volt circuits.

From the transmission lines the cur-

rent of the generators is carried to the

step-down transformers, where the elec-

tromotive-force of transmission is trans-

formed into the distributing electro-

motive-force of 2000 volts. These
transformers are the regular indoor

type of the Stanley Company, and are

arranged on a rack, in two tiers, five

wide and two deep, in such a manner

that the air has free circulation, or that

they may be artificially ventilated if it

be so desired. They are of 50 K.W.
capacity, and are connected in pairs.

Each is wound for a primary electro-

motive-force of 2500 volts and a second-

ary one of 1000 volts. The primaries

of each pair are connected in series for

receiving 5000 volts, and the second-

aries in series for delivering 2000 volts

to the distributing system. This ar-

rangement gives an additional safe-

guard by lessening the voltage on any
particular coil, and in case of a burn-

out in any one transformer, the other

will carry the load for a time until the

relay transformer can be cut in. The
insulation of each transformer was tested

with 10,000 volts. The regulation of

each transformer from no load to full

load is about 1 per cent. The average

efficiencies of the entire transformer

equipment, as shown by the shop tests>

are :

—

Efficiency, full load, 97.8 per ceut.
" half load, 97.9 per cent.
" quarter load, 97 percent.

The transformers are divided into

two sets of eight transformers each,

with a relay of two transformers which

can be cut in or out without stopping
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the service. Three secondary distribut-

ing circuits are carried to the distribut-

ing board in the next room. Provision

has'been made, however, for two more
circuits of the same capacity.

coils. The weight of this portion of

the machine is 42,580 pounds. The
field or exciting coil is circular, 94
inches in diameter, and wound on two
copper bobbins, each 4^ inches wide.

A 600 KILOWATT "S. K. C." TWO-PHASE GENERATOR DRAWN APART.

The current from the secondaries ot

the two sets of transformers is carried

to the bus bars of the distributing

switchboard, from which it is furnished

to the numerous city circuits for light

and power.
The generators are the S. K. C. in-

ductor type of two-phase machines,
running at 286 revolutions per minute.
Each generator has a capacity, at 5700
effective volts, of 100 amperes. They
are the largest inductor machines that

have ever been built, and are the first

and only practical machines that have
ever been constructed for such a high
initial electromotive-force.

The armature is stationary, consist-

ing of two sets of laminated iron rings,

connected by steel rods four inches in

diameter. On the inner surface of

each laminated armature ring are fifty-

six grooves for receiving the armature

with a copper strip four inches wide
and .026 inch thick. It is insulated

between the layers with a special oil-

cloth which is practically indestructible

at temperatures under 150 C.

To the dynamo builder the advant-

age of constructing a field coil on such

lines is very apparent. With a free

circulation of air, and every turn of the

winding being, for cooling purposes,

practically in contact with the moving
air, there is no possibility of overheating

in any portion of the coil. The copper
bobbin, absorbing all discharges, pre-

vents any excessive rise ofelectromotive-

force on the coil, which might be caused

by carelessly, or, under extreme cir-

cumstances, intentionally, opening the

field circuit under full charge.

There are, in all, 56 armature coils,

28 for each phase. The coils are small

and were wound in a lathe. Each coil
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was carefully insulated to stand 15,000
volts before placing it in the armature.

The insulation of the completed arma-
ture was tested, finally, with 12,000

volts.

The inductor, the only moving por-

tion of the machine, is a steel cast-

ing, 43 inches long and 84 inches

in diameter, upon the periphery of

which are two sets of polar projections

of iron laminae, fourteen at each end.

The weight of the inductor, including

the shaft, is 28,470 pounds. The net

weight of the completed machine is,

approximately, 100,000 pounds.

In the operation of alternating cur-

rent motors, and also of transformers,

it is now generally recognised as im-

portant that the currents and magnetic

fluxes should vary sinusoidally, for the

more nearly such a condition is ap-

proached, the less are the losses and
idle currents. A first step toward ob-

taining these conditions is the making
of the impressed electromotive- force of

the generator sinusoidal. The flux

between a field pole and the opposite

iron of the armature distributes itself, so

that it is, at every point, inversely pro-

portional to the reluctance of the gap at

that point, or inversely proportional to

the distance from the field pole

to the armature iron; that is,

the electromotive-force at any
instant is inversely as the

clearance. In order, then, to

obtain an electromotive-force

following the sine law, the pole

faces of the inductors of these

generators, as well as the pole

faces of the inductors of all

generators manufactured by
the Stanley Electric Manufac-
turing Company, are so shaped
that their curvature may be

expressed by a formula which

was derived by Mr. Kelly, of

the Stanky Company, and is

contained in a United States

patent issued to him.

In the design of the inductor

machine it has been found by the writer

that any deviation from this law, or the

use of any other than a sinusoidal elec-

tromotive-force has resulted in increased

losses in transformers and unsatisfactory

running of motors. In one instance

the output of a 20 horse-power motor
was reduced 25 per cent, on a machine
with a distorted wave, and the con-
densers, which were intended to balance
the lagging currents of the motor, were
absolutely useless for that purpose.
A novel feature has been introduced

for the first time in these generators.

The entire distributing system has been
arranged to be run in parallel, and, in

order to do this, the generators must
be kept in phase. There are some
objections, however to paralleling 5000-
volt machines through their principal

circuits—also do difficulties occur in

paralleling long transmission lines. A
defect arising in any wire of one line,

such as a ground or leak, affects all the

wires in all the lines, so that if at any
other point another ground occurs, the

generators between the two grounded
points are all short-circuited. To over-

come this difficulty, the mains from the

different machines are kept separate

and the secondaries of the step-down
transformers are connected in parallel

with the supply mains.

In consequence, unless the line from
one generator has two weak points,
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there is no leakage, and, at any rate,

the leakage due to two weak points

can affect directly only one generator.

In order to keep the generators in
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phase under these conditions, a sepa-

rate and distinct synchronising wind-
ing gives an electromotive-force of 120

volts and has a synchronising capacity

of about 100 K.W. This, together

with the effect that can be obtained

through the paralleled secondaries of

the step-down transformers is sufficient

to give perfect parallel running. The
load can be readily shifted from one
generator to the other by varying the

From these we
ciencies :—

calculate the effi-

Full load, q5. 1 percent.
Half load, 92.3 per cent.
Quarter load, 87 per cent.

The rise of temperature after a run

of twenty-four hours, with full load, is

as follows :

—

Field coil,

Armature iron,
Inductor iron,
Armature coils,

Bearings,

12° C
21° C.
7° C.

26 C
21° C.

REAR VIEW OF THE DISTRIBUTING STATION.

quantity of water supplied to the tur-

bines.

The exciters are two slow-speed,

direct- current machines of 12 K.W.
capacity, each of sufficient, capacity to

excite the fields of the three alternators.

Some of the electrical data of these

machines are interesting, as showing the

improvement in dynamo design and
the possibilities of the inductor type of

machine. From the shop tests we have
the following :—

•

Maximum loss in field,

Loss in armature iron,
" friction and windage
" armature copper 7000

4000 watts.

3,000

The regulation, that is, the variation

of the electromotive-force from /no load

to full load, with same speed and same
field excitation, was 3^ per cent.

With full load on one phase and no
load on the other, the percentage
difference of electromotive-force was

2,% per cent.

The design of the switchboards and
the general features of their construc-

tion can be best understood by refer-

ence to the illustrations on pages 13
and 14. Both the generator and
distributing switchboards are built of

marble, supported upon wooden frames,
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THE GENERATOR SWITCHBOARD.

and the panel method of construction

is followed throughout. Each slab of
marble was tested for metallic streaks,

with a pressure of 12,000 volts.

The generator board consists of three

sections, of three panels each. The
lower panel of the left-hand section

carries the two rheostats for controlling

the fields of two of the generators.

They are mounted on the back of the

board, and only the handles and the

heads of the supporting bolts show.
The middle panel carries four machine
switches with self-enclosing arc cut-offs,

two for each generator, and one of

these for each phase. These connect
directly to two of the four-wire trans-

mission lines.

It is never intended to open these

switches under load, except in the case

of great emergency, when the auto-

matic cut-offs will take care of any dis-

charge from the line, or any tendency
to arc. When a generator is to be
taken out of work, the load, if it is

running in parallel with another, is

shifted to the other by gradually cutting

off the supply of water to its turbine;

after that, the switch can be opened
without difficulty. If the generators
are running independently, the load is

first transferred at the sub-station be-

fore opening the switch.

The upper panel contains four am-
meters, two for each transmission line,

and four voltmeters, with high-potential

station voltmeter transformers placed

directly at the back. The right-hand

section is exactly the same as the left,

with the exception that it is, at present,

equipped for only one generator and
transmission circuit.

The lower panel of the middle sec-

tion carries three four-pole, single-

throw switches for connecting the syn-

chronising winding of the generators in

parallel. The synchronising lamps are

shown just above.

The middle panel is the exciter

panel, carrying the necessary switches

for paralleling the two exciters, and for

charging the field of any generator

from any exciter if the exciters are run-

ning independently.

The upper panel contains three

direct-current ammeters for the fields

of the generators, and also four alter-

nating current voltmeters, with volt-

meter transformer at the back, connect-

ing to the 2000-volt potential lines

which return from the sub-station.

The distributing board was originally
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THE DISTRIBUTING SWITCHBOARD.

designed for parallel running only, but

it was afterwards learned that on rare

occasions ice accumulates in the turbine

feed pipes, which affects the speed of

the wheels and makes parallel running

an impossibility. In consequence, the

original design was changed to permit

either independent or parallel running
of the generators.

The two sections on the left of the

board are organised for lighting alone,

and to permit the transfer of any two-

wire circuit upon any of the possible

four sets of step-down transformers.

This is accomplished by a series of three

double-throw, double-pole switches. At
the extreme top of this section are the

automatic circuit-breakers. The two
sections on the right of the board are

organised for light and power, and
differ from those on the left only in

that the four-pole double-throw switches

are substituted for the two-pole double-

throw.

The two centre sections are the same
in design. The upper panels contain

the voltmeters and ammeters for the

various circuits. The middle panels

carry four-pole double-throw switches,

and are connected to the secondaries

of the step-down transformers in such
a manner that, if the switches are

thrown up, three sets of two-phase
secondaries are connected to three sep-

arate sets of bus bars; if they are

thrown down, all the secondaries of

each phase are connected in parallel.

The lower panel carries the ground
detectors of the ordinary transforming

type. The whole switchboard is 26
feet long and 1 1 feet high.

All the motors now in use by the

Montmorency Electric Power Company
are the S. K. C. induction motors.

These motors were described by Dr.

Bell in the January number of this

magazine. They vary in size from one
horse-power to 30 horse-power, and do
all kinds of work, running the tools of

carpenter and machine shops, driving

the saws and wood-planers of planing

mills and handling the freight elevators

in various mills and in wholesale

warehouses with perfect satisfaction.

It is now well understood that the mag-
netising current of an induction motor
lags behind the applied electromotive-

force, and that a lagging current in

practise involves considerable loss and
expense, by necessitating the use of

larger conductors and generating appa-

ratus, while it seriously interferes with

the proper regulation of the generators

and increases the normal drop of the

line.

In the S. K. C. motor the magnetis-

ing current is furnished by condensers;

the motor then takes current in pro-
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portion to the load. Two condensers
are connected in multiple with the

fields of the motor, and each has a

capacity in amperes at the working
voltage practically equal to the no-load

current of each field of the motor. If

there is no distortion of the current

wave, the apparent energy taken by an
induction motor with condensers is

equal to the real energy.

An interesting example of the value

of condensers on induction motors is

shown in a small plant in New Eng-
land. The generator was a 6o-ampere
two-phase machine, manufactured by
one of the larger electrical companies,

and was furnishing power to a number
of small induction motors. The motors
were doing all kinds of general factory

work and running ten hours a day. The
average load on the motors was about
one-quarter of their maximum. The
amount of current furnished by the

generator to the motors was 52 amperes
at 1 152 volts. The power factor.^was

0.505.
When the motors were supplied with

condensers, the current was reduced
to 28 amperes at 11 50 volts, and the

power factor was increased to 0.863.

The reason that the power factor was
not increased to unity was the existence

of harmonics in the curve of the electro-

motive-force of the particular machine
in use.

As to the commercial efficiency ob-

tained in this plant, it is interesting to

note that, with the generator working
at full load, for every 100 K.W. of

energy delivered to the pulley of the

generator, 95.1 K.W. are delivered to

the line at the generating station; 87^2
K.W. are delivered to the terminal

of the step-down transformers, and 86
K.W. are delivered to the distributing

mains of the sub-station.

tejp-—
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COOLING SYSTEMS FOR CONDENSING WATER.

By W. G. Starkweather.

THE use of a partial vacuum in the

operation of a steam engine is

an apparent case of '

' getting

something for nothing." As atmo-
spheric steam has available pressure if

condensed, it only remains to supply
the condensing medium in requisite

quantity, and a means for removing the

products of condensation to gain several

advantages over a plant operated non-
condensing. The increase of pressure

in the engine cylinder which results

from condensing varies in well designed
plants from 12 to 14 pounds, and ex-

tends nearly the entire length of the

stroke, so that a gain in pressure here,

as of back -pressure when non-condens-
ing, is of much more effect than an
equal increase in boiler pressure, and
is also attained without additional fuel

consumption. It is practically that

much added to the mean effective

pressure.

If the work on an engine remain con-

stant and the terminal pressure be not

abnormal, the addition of condensing
apparatus generally results in higher
economy, which is measured approx-
imately by the shortening of the cut-off,

although an earlier cut-off may cause
greater initial cylinder condensation.

Distinction should be made, however,
between increase of economy and in-

crease of power, as the two, in the case

under consideration, are by no means
synonymous. The engine gains the

pressure due to the vacuum, but the

additional work of the air and circulat-

ing pumps must be performed, and this

amount must be deducted from the

total gain in power in the engine cyl-

inder to determine the net gain. The
ratio which this work bears to the total

of the engine is seldom less than 1, or

more than 5 per cent.

j6

In case, also, this pumping is not

done by the main engine, or, at a cor-

responding economy, by other smaller

engines, the difference in economies de-

tracts from the total economy as gained
by the vacuum, and, in any case, re-

quires a proportionate amount of steam.

Then, again, the feed water, which, in

non-condensing plants, maybe at 212
degrees when it enters the boiler, can-

not, in condensing plants with rod or

belt-driven air pumps, be much higher

than the temperature of the hot well, or

about 120 degrees. When indepen-

dent air and circulating pumps are

adopted, and their exhaust steam is

utilised, it may rise to 140 degrees,

or even higher.

There thus results, for single-cylinder

engines under normal conditions, a net

gain in power, by the addition of a con-

densing system, of from 20 to 25 per

cent, or in economy of steam, of from

15 to 20 per cent, over the same engine

non-condensing. Engineering opinion

is unanimous, that in almost every lo-

cation distant from the centres of fuel

supply, it pays to condense.

In some parts of the United States

as well as in Europe where steam coal

prices are very high and where, at the

same time, water for condensing is not

readily obtainable, engineers have de-

veloped extreme measures to gain the

advantages of vacuum, using special

cooling systems for the use ofcondensing
water over and over again. The methods
there adopted are applicable, with some
modifications, due to different climatic

conditions, to any locality away from
natural cooling water, and an account

of them here may, therefore, prove in-

teresting The use of these systems
with proper attendance has a particular

advantage, also, and one which is not



COOLING SYSTEMS FOR CONDENSING WATER. 17

attained with ordinary jet condensers
where the overflow is wasted, in that

they permit practically pure feed water
to the boiler.

In brief, the method is to freely ex-

pose large surfaces of the water from
the condensers to the atmosphere, thus

cooling it sufficiently to be used over

and over again, new water being added
to compensate for evaporation and
seepage. This exposure of the water

not be stopped at a temperature some-
what higher than the atmosphere, as
the few degrees of cooling at the lower
range are obtained at the expense of
much more water than an equal num-
ber of degrees near the highest tem-
perature.

(2) Transfer of heat also takes place
by convection with the cooler air and
surfaces. In the pan system, described
further on, the proportion thus delivered

THE POOL SYSTEM OF COOLING CONDENSING WATER.

is accomplished by (1) pools, (2)
trays and pans, and (3) spray.

The water, being at the temperature
of the overflow, parts with its heat to

the surrounding air in several ways :

—

(1) Evaporation, which is the most
important and by which heat passes

from the water to form vapour. It has

become apparent from experience with
coolers of every description, that water
can pass away by evaporation at at-

mospheric temperatures without further

cooling of the water, and that such loss

of water is a waste. In fact, it is a

question, in locations where water is

expensive, whether evaporation should

is larger than in the spray system, in

which the loss is probably greatest by
evaporation.

(3) A transfer of heat to surround-

ing bodies also ensues through radia-

tion, and this is supposed to be about
equal in quantity to that due to con-

vection ; but it is probably less. Both
the latter means of cooling involve lit-

tle or no loss of water, which is a de-

sirable feature where water, as is usually

the case, costs money.
The pool system is illustrated in the

cut above. It provides for a series

of artificial shallow basins, generally

lined with cement to prevent leakage.
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THE PAN SYSTEM.

The water from the condenser is dis-

charged into one end, and is drawn
from the other. Division walls com-
pel a long travel from inlet to out-

let, thus ensuring time for evapora-

tion and the presentation of new masses
of water to the cooling action of the at-

mosphere. This system requires large

ground area, fouls very easily, may
leak to a large extent, unnoticed, and is

the least efficient in cooling for the first

expenditure.

The pan system, illustrated above,

makes use of a series of galvanised iron

or wooden pans, or water-ways, ar-

ranged in continuous tiers, and with

enough fall to run or drain the water
in thin sheets from }( to }4 inch deep
and from 24 to 48 inches wide, back and
forth, in contact with the air. On top,

evaporation is most efficient, but the

underside of the pan cools by the other

means mentioned above. This method
has the comparative disadvantages of

requiring great space, and entailing

considerable weight, while it is of large

first cost, both in material and labour.

Moreover, it easily becomes fouled and
leaky.

The spray system, which is now com-
ing into use, is far simpler, cheaper, and

more compact, and does not foul so

quickly as the other two. In it the

water either gravitates, or is forced, as

shown in Figs. 1 and 2, through a perfor-

ated metal sprayer which divides it into

fine streams. It attains the desideratum

of large surface by a much smaller first

outlay than any other system, and the

avoidance, in large measure, of their

disadvantages. Graduated and remov-
able screens are placed in some con-

venient channel where the dust and oil

are entirely removed from the water.

The system shown in Fig. 2 is the

result of experience with all the other

forms, and represents the latest devel-

opment in "coolers." It has several

good points not found in other systems.

If too strong a wind is blowing, and
spray is consequently being driven

from the collecting basin, the circulat-

ing pump can be slowed down and the

height of the spray thus decreased.

Again, if evaporation is too slow and
the injection not cool enough to pro-

duce a good vacuum, the speed of the

pump can be increased, the spray
raised higher, and the amount of sur-

face thus augmented.
Regarding the effect of various at-

mospheric conditions on the amount of
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water lost by evaporation, opinions of

users of the coolers agree that the loss

remains practically constant throughout
the year. As to the absolute amount
of loss, there is a scarcity of informa-

tion, but it is the general opinion that

the loss is usually very small, possibly

one or two percent, of the total amount
circulating. The ratio which this loss

bears to the feed water is important, as

it determines the degree of purity ol

the water.

In all the systems which are described

more in detail below, the condensing

water returns to the condenser at about

90 degrees temperature, having lost in

the neighborhood of 40 degrees in the

cooler. The loss in temperature is

affected by the character of the at-

mosphere, a cool dry day with brisk

wind being generally considered the

most favourable for cooling, as the com-
bined transfer of heat, due to convec-

tion, radiation, and evaporation, then

reaches a maximum.
There are various combinations of the

coolers with the condensing apparatus,

the arrangement of each depending
largely on the locality. In case the

cooling system is placed on a roof, or

where it is necessary to elevate the

overflow water, the question of pump-
ing becomes of considerable import-

ance. The air pump, when jet con-

densers are used, will raise the over-

flow, if it is proportioned for such ad-

ditional duty, and in several instances

as noted below, is performing the extra

circulating duty against heads of as

much as 22 feet. There comes a point,

however, when the air pump can not be
expected to do this work, and a sepa-

rate circulating pump is then added.

When the cooler is on the roof of a

high building, and raising the water to

it would amount to a proportionately

large part of the total power, a surface

condenser can be used with a closed of

U- system of piping and a circulating

pump as in Fig. 3 on the next page.

As the water is in equilibrium in the U,
the necessity oi forcing it higher than
required for the cooler alone is obviated

and the cooler can thus be placed at

any height above the condenser.

Coming to the specific cases of cool-

ing apparatus in use in California, there

is, first, the pool system, of which the

Sperry Mill, at Hollister, furnishes a

fair example. The engine is a 16x36-
inch Wheelock, indicating 140 H.P.
It discharges its exhaust into a 6-inch

siphon condenser which maintains from
18 to 20 inches of vacuum. The dis-

charge from the hot well, or base of the

condenser, gravitates to a wooden box
from which it falls a few inches into the

pool, at a temperature of 150 degrees.

It then flows very slowly from the re-

ceiving pool through the other pools,

and reaches the suction of the injection

pump at 115 degrees temperature.

These pools aggregate 10,000 square

feet, are from 12 to 18 inches deep, and
are lined with cement. Notwithstand-

ing all precautions, the leakage is very
large, and new water must be constant-

ly added. There are 71 square feet for

each indicated horse-power.

Another example of the pool system
is at the Oakland Cotton Mill. The
engine there is a 3ox48-inch Corliss,
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making 64 revolutions, and develops

500 I.H.P. It drives from its cross-

head a 26x10 -inch air pump which
serves a 24X48-inch jet condenser. The
overflow is 8 inches in diameter, and
the water is lifted 4^2 ft. by the air

pump to the cooler, which consists of

three pools, one measuring 50x50 ft.,

and the other two 50x75 ft. They are

7 ft. deep, with 400 ft. of 36 -inch raised

waterway around the edges and through
which the water first flows. Twenty-
five thousand gallons of new water are
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added every 24 hours, and the overflow
discharge amounts to 13,000 gallons

per hour. The overflow temperature
ranges from 130 to 140 degrees, and the

injection is rarely above 80 degrees or

90 degrees. The total surface amounts
to 11,200 square feet, or 22^ square
feet per I.H.P.

It is the second class of coolers,—the

pan system,—which is found in greatest

number in San Francisco. The How-
ard Street Cable Railway has a cooler
of this kind on the roof of its power
house. The engine is a cross-com-
pound O'Neil poppet valve engine
29x44x60 inches, running 50 revolu-

tions, and averaging 550 I.H.P. From
the crosshead a 20X24-inch double air

pump is driven with a jet condenser.
A compound circulating pump raises

the overflow water from the hot well 90
feet to the roof, on which is placed the
cooler. There are five tiers of pans,
one above the other, 7 feet wide, made
of No. 14 galvanised iron. The entire

cooler is 112 ft. long and 20 ft. wide
and the water flows a distance of about
600 ft., presenting a surface of 8260
square feet for cooling, or 15 sq. ft. per

I.H.P., the water being ^ -inch deep.

As the pans are about 8 inches apart

vertically, there is ample opportunity
for air to circulate between them. A
vacuum of from 22 to 25 inches is ob-

tained, depending on the temperature
of the atmosphere and its humidity.

At the power house of the Union
Street Cable Railway the engine is

a cross-compound Corliss, 18x24x36
inches, making 76 revolutions, and
averaging 100 I.H.P. The air pump
for the jet condenser is 12x18 inches

and is driven by an eccentric on the

main shaft. A circulating pump with

water end 10 inches in diameter and
1 2-inch stroke, raises the overflow water

40 ft. to the roof. The cooler is similar

to the one described above, and is no
ft. long by 14 ft. wide, with three tiers

of pans, 60 inches wide, aggregating,

with a storage tank, 3550 sq. ft., or 35^
sq. ft. per I.H.P. A vacuum of from
22 to 26 inches is obtained. The water
requires from 20 to 25 minutes to make
the complete circuit and loses 1700
pounds per hour by evaporation, the

temperature being lowered about 40
degrees.

The California Street Cable Railway
has a triple expansion O'Neil poppet
valve engine 14x20x30x54 inches, run-
ning 64 revolutions and developing 350
average I.H.P. The air pump main-
tains a vacuum of 23^ inches, and a

circulating pump forces the water 70 ft.

to the roof. The cooler is one of the

largest in San Francisco, having 8050
sq. ft., mostly arranged in tiers of 60-

inch pans, the total length of the water
way of this width being 1400 feet.

There is thus obtained about 23 sq. ft.

per I.H.P. The total overflow dis-

charge is 35,000 gallons per hour, and
the loss by evaporation amounts to

about 8000 gallons in 20 hours. At
one time this plant was operated non-
condensing and required nearly as much
city water as when condensing.
There are two flour mills in San

Francisco which have pan systems.
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The Yosemite Mill has a Thompson
tandem compound i4x2 2X42-inch en-

gine, making 71 revolutions and de-

veloping 160 I.H.P. The air pump
raises the overflow 23 ft. to the cooler,

through a 7^ -inch pipe. The over-

flow amounts to 7800 gallons per hour
by weir measurement. The cooler is

somewhat straggling and is too small

for its work. The aggregate surface

is 2100 sq. ft.. The pans are made
of wood, 20 inches wide, and carry the

water i}^-inch deep. The overflow is

ordinarily at 150 degrees, and the in-

jection at 100 degrees, but cold water
is added from a well to produce this

low temperature. The fall of tempera-
ture due to the cooler is 37 degrees.

The water is exposed 13 minutes, and
falls into four storage tanks with a total

capacity of 27,000 gallons.

The Del Monte Mill has a tandem
Corliss engine, 16x28x42 inches, run-

ning 82 revolutions and indicating on
an average, 220 horse-power. The air-

pump raises the overflow 8 ft. to the

cooler. This consists of a pan system
at the edge of, and above, a pool, rec-

tangular in shape, measuring 60x95
ft. The pans are of wood, 1 1 inches

wide, and, with the pool, afford a total

cooling surface of 11,552 square feet,

which is large enough for twice the

power it serves.

The above notes indicate general

practice with the pan system in San
Francisco. The spray system has two
or three examples, the oldest of which
is that used by the San Francisco and
San Mateo R. R. The engine in that

case is triple expansion Corliss of about

400 I.H.P. with independent air and
circulating pumps, the latter being of

the centrifugal type. The water is

delivered from the overflow to the

cooler against a head of about 15 ft.

It enters the cooler through two
vertical pipes at the focus of the eclipse

(which is the shape of the collecting

basin) and is sprayed by a small horizon-

tal plate, which is fixed over the outlet.

The water falls to a wooden platform

which breaks it up before its final drop
into the collecting pool below. This

basin is of concrete and is 50 ft. long

by 20 ft. wide. It cools the water
about 40 degrees.

Another spray cooler is at Niehaus
Bros.' Planing Mill, at W. Berkeley.
The engine is a vertical Corliss beam,
14x48 inches, making 60 revolutions
and developing an average power of 80
horse-power. A I2xi8-inch air pump
is driven by a rod from the walking
beam. The overflow is raised by the

air pump 18 ft. to a filtering chamber
and is then conducted to a zinc sprayer
trough, 14 ft. long, and pierced with

fine holes through which the water falls

a distance of 12 ft. to collecting sur-

faces below. It then gravitates to the

condenser. In the trough its tem-
perature is 125 degrees. In the basin

below it is 84 degrees. The system is

compact and efficient, and is successful

where three other systems have been
discarded.

Considering the systems described

above, there does not appear to be any
law relative to the amount of cooling

surface per horse-power. This is

caused, perhaps, by the fact that in

some of the cases cited, cold water is

added from wells, more than enough
to compensate for evaporation and
seepage, and part of the overflow is

wasted. Doubtless, too, the loads

which the various engines are carrying

has much to do with the dispropor-

tion of the data, as a given engine

might be developing a certain power
larger than normal, and owing to a

high terminal pressure, require a very

large cooling surface to carry the

vacuum. Taking the cases apparently

nearest ordinary conditions, it would
seem that in the pool system 30 square

feet were ample for each indicated

horse-power of the engine, and in

the pan system 20 square feet would
suffice. In the spray system one-

tenth of a lineal foot is generally

used to determine the length of the

sprayer.

It should be borne in mind that

these figures are approximate, and are

suited only to the climate of San
Francisco. This fact is shown very

forcibly in the Hollister Mill which is

100 miles south of San Francisco, and
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in a rather moist climate. The rating

in this case is far above the figure

stated, and even then difficulty is ex-

perienced in obtaining sufficiently cool

water during long runs.

Consideration of the subject makes
it apparent that the adoption of any of

these systems in cooler climates could

easily be effected by slight modifica-

tion. Where shops or factories are

heated by exhaust steam, the cooling

or condensing system could, perhaps,

be used only in the summer time, or in

conjunction with the exhaust heating in

winter in case the heating did not re-

quire all the steam exhausted from the

engine.

The influence of freezing tempera-

ture might be embarrassing to cooling

systems on roofs and elsewhere, but

this danger could be avoided by drain-

ing the entire water from the coolers

into a large tank in the basement or

elsewhere every night. There would
be little cause for fearing the freezing

of a large body of this size. Ordin-
arily, cold weather would materially

assist the lowering of temperature
and the rain and snow added to the

system would undoubtedly decrease

the water bill where the new water is

purchased. On the other hand, the

hottest summer day need not be feared

so far as vacuum is concerned, as

evaporation, and consequently cooling,

then reaches its maximum.



POWER DISTRIBUTION IN THE CYLINDERS OF COM-

POUND AND TRIPLE EXPANSION ENGINES.

By William M. Henderson, M. E.

H E following re-

marks upon the dis-

tribution of the

power in the cylin-

ders of compound
and triple expan-
sion engines are

based upon the

theory advanced by
B. F. Isherwood,

U. S. N., in his report upon the com-
pound engines of the steam yacht
Siesta, March, 1883. Figs. 1 and 2

show the two cylinders of a tandem
compound engine, illustrating the
theory. Briefly stated, the prevailing
belief in back pressure reacting from
the low to the high-pressure cylinder is

shown to be an error. The actual

operation appears to be as follows :
—

The steam, after impelling the piston
of the high-pressure cylinder to the end
of the stroke, passes to the low-pressure
cylinder and presses equally upon both
pistons ; the low-pressure piston is

driven onward by the excess of area
possessed, after deducting from the
central portion the area of the high
pressure piston. The marginal ring

represents the effective area of the low
pressure cylinder, the central portion
being non-effective, as to power, but
neutralising the area of the small pis-

ton, relieving it of all back pressure
from that source. There is a back
pressure, but it is that acting against the
piston of the low-pressure cylinder.

No change of relative position of the

two cylinders, such as placing them side

by side, or putting a receiver between
them, will disturb the mode of action

described, excepting needful back

pressure due to compression, for, so

long as the steam has a passage from
the high to the low-pressure cylinder,

working on the compound principle,

the open communication will outline the

area of the small cylinder upon the
large, producing the effect described.

This may be further explained as fol-

lows :—If we take a pair of scales and
place a one-pound weight in each pan,

the scales are just as much in balance

as when they were unloaded, and are

free to oscillate up and down with any
disturbing influence. By conceiving

two cylinders of equal size, with a pis-

ton in each, and steam of any varying
pressure, common to both, the effect

is the same as in the case of the scale

balance ; the pressures on the pistons

neutralise each other. If one moves in

rT

Fig. 1
Fier. 2

a downward direction, there cannot be
said to be any back pressure on the

other, moving upwards.
If we enlarge one of the cylinders,

and the piston within it, to, say, double

the area, the same balancing effect will

be produced to the extent of the smaller

piston, which may be imagined to out-

line its prescribed area upon the cen-
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tral portion of the larger piston, leaving

a marginal ring equal to the excess

area. It is upon this ring portion only
that the effective pressure can be exerted.

The central portion of the larger piston,

corresponding to the area of the smaller

piston, neutralizes the area of the small

piston, relieving it of all back pressure.

From this it would appear that count-

ing as effective the full area of the

low-pressure cylinder, and deducting
the mean pressure between the two pis-

tons from the steam pressure on the

working side of the high-pressure cylin-

der, is an error, the fact being that the

pressure on the working side of the

smaller piston is the full pressure there,

and the effective area of the larger pis-

ton is reduced to the marginal ring be-

fore described. This makes the power
of the smaller cylinder exactly as much
greater as the power of the larger cylin-

der is made less, being the area of the

small piston multiplied by the mean press-

ure on the large one. The aggregate
power is just the same as given by the

indicator, but the distribution of the

load between the two cylinders is all

out of balance.

To obtain a true indicator diagram
from the high-pressure cylinder the in-

dicator should be placed in communi-
cation with the steam side of the high-

pressure piston, and with the exhaust
side of the low pressure piston. The
indicator cards as now taken, showing
a back pressure on the high equal to

the mean pressure of the low, are evi-

dently all wrong. In the indicator dia-

gram from the low-pressure cylinder,

taken in the usual way, the steam and
back pressure are just what are re-

corded, but the area of the high-press-

ure piston should be taken from the
actual to give the effective area; and if

from simultaneous cards taken from
both cylinders, the back pressure line

traced by the indicator upon the low
pressure card is transferred to the high,

we will have a proper card representing
the working of the high- pressure cylin-

der, the ordinates counting from this

added back-pressure line, and not from
the back-pressure line traced by the in-

dicator upon the high-pressure card.

The rules generally advanced for pro-

portioning the cylinders of compound
and triple expansion engines are based
upon the supposition that there is a

back-pressure reacting against the pre-

ceding, equal to the mean pressure

upon the succeeding piston, which does
not appear to be the case. Indicator

cards, taken from such engines, show
this back-pressure, and engineers are

content to accept the evidence ; and
when the load upon the several pistons

is distributed equally by such showing
of the cards, nothing further appears to

be wanted, and thus the engines are

allowed to work with an overbalancing

load upon the high-pressure cylinder.

In other words, the larger pistons are

credited with power to which they are

not entitled and the high-pressure pis-

ton is performing an excess of work
equal to the overcharge. Where a

crank shaft is used, the inequality ot

power of the cylinders is not noticeable,

being absorbed by the straining of the

shaft. The designing of a cross-com-

pound, direct-acting, pumping engine,

without a shaft, brought the matter

forcibly to the writer's attention, being

a case where absolute equality of power
of the two cylinders was imperatively

demanded.

Compound Engines.

The area of the low-pressure cylinder

of a compound engine is generally ac-

cepted as the same as that of a single

cylinder engine doing the same work,
using the same quantity of steam, with

the same initial and final volumes. If

there were no fall of pressure between
the cylinders, and if there were no loss

by non-effective cylinder space, the

work would be fairly divided between
the two pistons, when one-half of the

whole expansion is effected in each cyl-

inder, i. e. , making the expansion equal

to the square root of the total ratio of

expansion. For example, with 16 ex-

pansions, the area of the large cylinder

being found as for a simple engine, the

ratio of expansion in each cylinder

would be, according to Rankine,

^16 — 4, and the area of the small

cylinder would be one-fourth of the
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large, or half its diameter. With steam
of 160 lbs. absolute pressure, expand-
ing down to 10 lbs. and falling to, say, 5
lbs. after exhaust opens, piston speed
600 feet per minute, and taking for our
standard throughout the following cal-

culations the requirement of 900 horse-

power, we have the following:

—

Rule i.

Total horse-power x 33. 000

M. E. P. x piston speed in feet per
minute.

The calculation for a single cylinder

engine would be:—900 x 33, 000 = 29,-

700,000 foot pounds; io)i6o(= 16 ex-

pansions. The mean effective pressure

is found by the well-known rule of multi-

plying the hyperbolic logarithm
-f-

1 of

the number representing the ratio of

expansion by the absolute pressure at

cut-off and dividing the product by the

ratio of expansion.

Therefore we have, hyperbolic loga-

rithm of 16 + 1 = 3.77 x 10 = 37-7-
From this we get, subtracting the 5 lbs.

back-pressure, 32.7 lbs. as the mean
effective pressure. Then 32. 7 x 600.0=
19,620 )29,7oo,ooo( = 1514 square
inches area of cylinder, which should

also be the size of the low-pressure cyl-

inder of a compound or triple expansion
engine.

Then 1514 x 32 7 X 600_ H p
33,000

friction of engine included.

To determine the size of the high-

pressure cylinder of a compound en-

gine of the same power, according to

Rankine, we would proceed thus :

—

4)i5i4( = 378.5 square inches, and
4)i6o( = 40 lbs final pressure in the

first cylinder, and 4)4o( = 10 lbs. final

pressure in the second cylinder.

It is manifest that 378.5 x 40 =
15,140; and 1514 x 10= 15,140.
Again, the ratio of expansion in each

cylinder we find to be 4, the hyperbolic

logarithm of which | 1 = 2.386 x 40
= 95-44 X 378.5 = 36,124;
And 2.386 x 10 = 23.86 x 1514 =

36,124.
So far, these results are admira-

ble, the only drawback being that

the engine itself does not appear to

work that way, first, because the full

area of the low-pressure piston is not all

effective, the area of the high- pressure
piston having to be taken from it; and
second, because the uniform back
pressure of 5 lbs. has to be allowed in

both cases. But the mean area of the
differential cylinders is not the same as

that of the single cylinder. The effect

of 5 lbs. pressure deducted from 378.5
inches of area is not the equal of 5 lbs.

pressure deducted from 15 14 inches of
area, and with the compound engine
the lesser area is presented half the

time; hence the power of the com-
pound should be greater than that of

the simple engine, as we shall probably
find.

Correcting for the back- pressure and
distribution, the figures would stand :—
95-44—5 lbs. = 90.44 X 378-5 =

34,231.5 for the high-pressure cylinder;

and 23.86—5 lbs. = 18.86 x H35-5
= 21,415.5 for the low-pressure cylin-

der, giving to the high-pressure cylin-

der an excess of 12,816 lbs. of force.

To equalise the load upon the two
pistons of a compound engine it is evi-

dent that considerable departure from
the rules given must be made.

Revised Calculations for Pro-
portioning the Cylinders

of a Compound Engine.

Rule 2. Ratio between areas of the

two cylinders =
Total number of expansions.

Ratio of expansion in first cylinder

= square root of total number of ex-

pansions x about 1.5. We have,

therefore, with 16 expansions, ^16 =
4X1-5 = 6)i5i4( = 252.33 inches

for the area of the high-pressure cylin-

der.

The volume of steam to be cut-off in

this cylinder = i6)i5i4( = 94,625
cubic inches ; and 94. 625)252. 33( =
2.666 as the ratio of expansion in the

first cylinder, i. e, , steam cut-off at f& ;

and 2. 666) 1 6. ( = 6, as before found for

the ratio between the two cylinders.

The hyperbolic logarithm of 2.666 -f 1

= 1.979, and of 6 4- 1 = 2.7918.

For the first cylinder the calcula-

tions would be :
—
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2.666)i6o.ooo( = 60 x J-979 =
118.74, less 5 l°s - back pressure =
113.74 lbs - *or the M. E. P.

Then
113.74 X 252.23 x 6oo= H p

33,000
5 '

'
J

For the second cylinder the calcula-

tions would be :

—

6)6o( = 10 x 2.79 = 27.9—5 =
22.9 lbs. M. E. P.

The area of the low-pressure cylinder,

1 5 14, less the area of the high-pressure

cylinder, 252.33, gives 1261.67 square
inches as the effective area of No. 2, and

1261.67 x 22.9 x 6oo __ 02 H x

33.000
5 ~

Triple Expansion Engines.

A ready way to comprehend the

working of a triple expansion engine is

to conceive the three pistons superim-

posed upon one another, as shown in

Figs. 3 and 4, and considered as one
piston. No. 1 represents the area of

"UM *M
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Fig. 3

Fig. 4

the high-pressure piston ; the annular
ring, No. 2, gives the area of the inter-

mediate, and the outer ring ring, No. 3,

the area of the low-pressure piston, all

making one simultaneous stroke. The
return stroke completes the full revolu-

tion of the triple expansion engine. The
initial pressure to the following piston

is considered the terminal of its prede-
cessor.

This, however, is not the case, except
where receivers are used with cylinders

Nos. 1 and 2, and expansion valves are

fitted to all three cylinders; otherwise

there would be a considerable drop in

the steam pressure, in passing from one
cylinder to the next, by having to fill

the unavoidable clearance and waste

space. Besides this there is a further

loss, occasioned by the full area of the

smaller piston being deducted from the

larger one in each case, an inoperative

field, in that the steam there is not ac-

tively employed in driving the piston,

although not entirely lost, as the steam,

expanding in this waste space, rein-

forces the steam acting upon the piston.

To . find the correct mean effective

pressures upon the pistons, take simul-

taneous cards from the three cylinders,

and lay off upon the first and second
the back-pressure line recorded upon
the third. The ordinates will count
from this added back-pressure line, and
not from the back-pressure line traced

by the indicator upon the cards in

question. The true back-pressure act-

ing against the three pistons is that

found upon the exhausting side of the

low-pressure cylinder.

Revised Calculations for Pro-
portioning the Cylinders of
a Triple Expansion Engine.

Rule 3.

Area low-pressure cylinder =
Total horse-power x 33,000

M. E. P. x piston speed in feet per
minute.

Area high-pressure cylinder =
Area low-pressure cylinder

Total rate of expansion x decimal point

cut-off in high-pressure cylinder.

Area intermediate cylinder =.

Area low-pressure cylinder

^ratio low to high x by about 1 . 1

.

The area of the low-pressure cylin-

der, as previously iound, is 15 14
square inches. Assume a cut-off in

the first cylinder of ttj stroke. Expan-
sions 16 x -7 = ii.2)i5i4.o(= 135
inches for the area of the high-pressure

cylinder. Number of expansions cor-

responding to .7 = 1.428, the hyper-

bolic logarithm of which 4- 1 = 1.3506.

Then i.428)i6o,ooo( = 112 x J -35o6
= 1 51. 3—5 = i-1 6.3 lbs. M. E. P. for

No. \.
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Cylinder No. 2 = -^11.2 =3.347 x
1 °5 = 3-5 r 4 (new ratio). Hvper-
bolic logarithm -(-1=2. 256. Then
3.514) 1514. ooo( = 430 inches Area
No. 2; and 3.514) 112. ooo( = 31.9 x
2.256 = 72—5 = 67 lbs. M. E. P. for

No. 2.

Cylinder No. 3. Ratio of expansion
in cylinder No. 1 = 1.428 x ratio of
No. 2; 3.514 =5. 018)16. ooo( = 3.18,
which is the ratio left for cylinder No. 3

;

3.i8)3i.9o( = 10 lbs. x hyperbolic
logarithm of 3. 18 -j- 1 = 2.157 = 21.57— 5 = 16.57 M. E. P. for No. 3.

Now, the effective area of No. 3 =
1514 minus 430 =

1084 x 16.57 x 600 _
33,000

~ 357
•

Horse-power of No. 2 = 430 minus

135 =
295 X 67 x 600= 360 h.-p.

33,000

And horse power of No. 1

135 x H6
- 3 X 600

360.
33,000

It is now universally admitted that

the saving in fuel effected by the com-
pound over the single cylinder engine
is about 25 per cent., and that the triple

expansion engine has realised a further

gain of 25 per cent, upon the com-
pound; but just to what cause to at-

tribute the economic results attained

has never been satisfactorily demon-
strated. The causes generally assigned

are, higher steam pressure, greatly mod-
ified initial and working strains, avoiding
the excessive variation in cylinder tem-
perature to which the simple expansive
engine is subjected; and lessening the

evil effects of initial condensation by iso-

lating the high-pressure cylinder from
the chilling influence of the condenser.

In preparing this article the writer

has been considerably puzzled to ac-

count for the invariable gain in power

of the compound and triple expansion
engine over the simple expansion en-

gine of same size cylinder, 1514 inches

area. We find the simple expansion
engine to have 900 horse- power, the

compound engine 1044 horse- power,
and the triple expansion engine 1077
horse- power.
The writer believes that he has dis-

covered a substantial reason for a con-

siderable part of the unaccountable
gain, as follows :—The loss from back
pressure in the compound engine is re-

duced to one-half, and in the triple ex-

pansion engine to one-third that en-

countered in the simple expansion en-

gine. This, so far as he knows, he has

the merit of being the first to point out.

In the simple expansion engine the

back pressure reacts upon the full area

of the cylinder, 1514 inches x 5 lbs. =
7570 lbs.

In the compound we
have 252.33 +
1261.67 =

I5H = 757 X 5 lbs.

3785 x 600

3785 lbs.

3785 lbs. and

69 H. P. gain.

have 135 4- 295 4- 1081

33,000

In the triple expansion engine we
1514 _
3

505 X 5 = 2525 lbs., and 7570 less

2525 —
504 s x 600 TT _,J J = 92 H. P. gain.

33,000

In the foregoing calculations the

clearance is supposed to be included in

the point of cut-off given for the first

cylinder and is also included in the bulk

of the other cylinders, and the drop is

considered nil. The back-pressure
has been assumed to be 5 lbs. through-

out, with no attempt at special accur-

acy. In practical working the actual

back-pressure may be reduced to 3 lbs.



FIRE-BOATS.

By H. de B. Parsons.

W
HEN the fire

gong rings

in a large

city, one is

accustomed to see

engines rushing
along the streets,

madly racing to be
first in answer to the

call. Few, however,
realise that in many
cities having a water
frontage there are

also marine engines

performing corre-
sponding services.
These, many times more
powerful than the largest

land engines, are under steam day and
night, always ready to assist the land
forces in fighting their common enemy.
The water front of a large commer-

cial city is immensely valuable for stor-

age and manufacturing purposes, and
the value of the buildings and their con-

tents, and that of the docks, vessels

and cargoes, represent a vast fortune.

As this property is usually of a very
combustible nature, the demand for

protection has become so urgent as to

necessitate in many cases the construc-

tion of a fleet of marine engines, or

fire- boats.

The utility of these boats is especially

marked in connection with the sup-

pression of a fire on a vessel, on account

of the great difficulty of effectively fight-

ing such a fire from the shore. Their

powers, however, are not limited to this

work, since the more powerful boats are

able to force effective fire streams

through 1500 to 2000 ft. of hose. The
boats thus become very valuable aids

to the land service. s\

As the shipping interests developed,

many harbour tugs were equipped with

fire-pumps and hose in place of the or-

dinary bilge apparatus, as required by
law, and this outlay soon proved to be
wise, as was shown by the claims paid

for salvage.

However, the importance of still fur-

ther protection was emphasised by the

occurrence of some very extensive fires

among the docks and along the water-

fronts just beyond the reach of these

tugs and too hot to be successfully

fought by the comparatively small land-

engines, which were often compelled to

devote their entire attention to prevent-

ing the flames from spreading. ]

The fire hazards in all large marine
cities are much increased because the

water frontage usually consists of old

and dangerous buildings, located on
narrow streets, and largely used for stor-

TYPICAL LONDON FIRE-BARGE.
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age 'and warehouse purposes. Many
of these buildings are very difficult to

reach from the land side, so that it is

necessary that powerful pumps be pro-

vided to throw water upon the fire from

and $200,000,000 (^30,000,000 and
£40,000,000). It has become a mat-
ter of record, that by far the greatest

loss of property is caused by the nu-

merous small fires that are continually

FIG. 2.—A LAND FIRE ENGINE CONVERTED INTO A FLOATING FIRE ENGINE,
ADOPTED BY THE NORWEGIAN, RUSSIAN AND OTHER GOVERNMENTS.

BUILT BY MESSRS. MERRYWEATHER & SONS, LONDON.

a considerable distance. This, too, has
helped to gradually develop, as an ad-

ditional equipment to the fire depart-

ments, the system of protection by
floating engines.

When it is considered that a large

modern fire-boat is equivalent to about
nine of the most powerful land engines,

the utility of these boats becomes at

once apparent ; and when allowance is

occurring, because those fires which
threaten to become destructive con-

flagrations are usually checked in their

infancy. If we assume the dividing line

between these two classes at a loss of

property valued at about $250,000
(,£50,000) the reports of the insurance

companies show that only one-fifth of

the gross annual loss is attributable to

the larger conflagrations. This result

SECTIONAL VII

made for the great effect of the big

streams from the monitor nozzles, the

relative power of these boats becomes
even more marked.
The gross annual loss throughout the

world by the destruction of property by
fire has been estimated by the best

authorities as between $150,000,000

is obtained not so much by the better

fire-resisting qualities of modern struct-

ures, as by the more perfect apparatus

in vogue and the organisation of corps

of trained and experienced firemen.

The most effective systems are those

constituted on a military basis, the

active force being divided into battalions
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FIG. 4.—THE FIRE-FLOAT "ACTIVE,'' LONDON'. CAPACITY goo TO 2ooo GALLONS
PER MINUTE.

FIG. 5.—AX ENGLISH COMBINED FIRE-BOAT AND DREDGE.
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and companies under command of suit-

able officers, and the whole subordin-
ated to a single head or commission.

It would be beyond the scope of this

article to attempt to describe the great
fires with which these floating engines
have successfully battled, or to mention
the many cities which purchased their

boats only after having a sad and costly

experience. Suffice it to say that the

authorities of the world have long since

recognised the faithfulness and bravery
of the organised crews and the under-
writers have acknowledged the effi-

ciency of these floating engines.

about 40 ft. to 50 ft. in length, and 10

ft. in width. An ordinary land engine
was lowered by a crane into the float,

provided with strong frames to receive

the axles, an operation requiring from
fifteen to twenty minutes. After the

engine was placed and secured, * the

movable deck-house was fitted over it.

Some of these boats ordered by the

Russian government were self-propelled

by hose jets, placed over the stern. As
the pumping capacity of these floats

was limited by the size of the land
engines, an improvement was made
by having the barges permanently

FIG. 6.—FLOATING FIRE ENGINE FOR SUNDERLAND. ENGLAND, BUILT BY MESSRS.
MERRYWEATHER & SONS. CAPACITY, IIOO GALLONS PER MINUTE.

As this subject of marine protection

is one of such general interest and im-

portance, the author has thought it

well to record the gradual development
of these floating engines, and to briefly

outline the necessary requirements of a

modern, high-powered fire-boat. The
earliest attempts to supply river and
harbour protection were made by plac-

ing ordinary land engines upon floats

or barges, which were then towed to

the scene of the conflagration. The
city of London owns about thirteen

such barges (Fig. 1). They are made
double ended, so as to be easily handled.

The Russian and Norwegian govern-
ments adopted a slightly different type
of float, as is illustrated in Figs. 2 and
3. These floats were made of iron,

equipped, each with its own boiler and
pump.

Nine floats of this character, with

eight steam tugs, are now owned by
the city of London, and distributed at

five different stations for the protection

of the shipping interests of the River
Thames. One of these floats, 1 he
Active, controlled by the Metropolitan

Fire Brigade, is illustrated in Fig. 4.

The machinery, which covers a space

20 ft. by 5 ft. , is protected by a tar-

paulin canopy, which was removed when
the photograph was taken. As these

floats are flat bottomed and double-

ended, they require very little water,

and being "snub-nosed," can ap-

proach close to the banks at low tide.

Their length varies from 40 ft. to 60 ft.
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FIG. 7.—THE CAPACITY, 2000 GALLONS

They lie at anchor at their several sta-

tions, accompanied by a tug, always
under steam, ready to tow them to the

place where required. Under favour-

able circumstances, their speed is about

7 miles per hour. They are equipped
with a pump, boiler and hose. The
boiler is of the quick- steaming variety,

steam being raised during the passage
of the float from its station to the fire.

The pumping capacity varies from 900
to 2000 gallons per minute, water being
supplied by a fixed suction passing

through the bottom of the boat.

Such floats are in use by the authori-

ties of Hamburg, Venice, Marseilles,

Constantinople, Odessa, Cronstadt,

Shanghai and Yokohama. On account

of the trouble incident to a separate

tug, the dangers of towing in a crowded
waterway, and the difficulty of manoeu-
vring, these floats were still further im-

proved by making them self-propelling.

In 1874, the River Wear Commission,
in England, built for Sunderland, the

boat shown in Fig. 6. This is an

iron vessel, 40 ft. long by 9 ft. 6 in.

beam, and draws 24 inches of water

forward and 30 inches aft. It is pro-

pelled by twin screws, 28 inches in di-

ameter, driven by independent vertical

engines. The fire pumps were made
by Merryweather, of London, and have
a capacity of 1100 gallons per minute.

The equipment of fire streams consists

of one large jet, i/i in. in diameter, or

arrangements to use simultaneously

twelve smaller jets. The trial on the

Thames before the Metropolitan Fire

Brigade was highly satisfactory, as the

boat developed a speed of about 10

miles per hour, and showed excellent

manoeuvring ability. This Commission
also built at about the same time, a

second boat for use at Durham. This
latter boat, which is still in service, is

65 ft. long and of slightly greater pump-
ing capacity.

The more modern floating engines

are a marked improvement over the

older types. This advance was necessi-

tated by the rapid industrial growth of
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many large cities, and was possibly

hastened by some costly and destructive

fires. Fig. 5 represents an English

type of combined fire-boat and
dredge, which has proved of great

value for service in dock yards and simi-

lar places.

In 1875, the city of Philadelphia

built the steamer William S. Stokley,

shown in Fig. 7. The hull was built

of steel, and is 96 ft. long, 17 ft. beam,
and requires 9 ft. of water. There is

one tubular boiler, 14 It. 6 in. long by 7
ft. 6 in. diameter, carrying steam at 50
pounds pressure. It has one fire pump,
with a capacity of 2000 gallons per
minute, which supplies four small noz-

zles and one large monitor jet, 2j4,

inches in diameter. The water press-

ure at the pump is 160 lbs. per square
inch.

In 1875, the city of New York built

its first boat, the William F. Have-
meyer, which is of wood, 106 ft. long,

22 ft. beam, and draws 10 ft. of water.

It is, at present, equipped with a Cowles
water tubular boiler with an allowed

pressure of 240 pounds, driving a single

cylinder, jet condensing engine. It has

four duplex fire pumps with a capacity

of 2400 gallons per minute, supplying
water at 250 pounds, and delivering

through nozzles of various sizes from
1 in. to

2>
TA in. diameter.

In 1 88 1, Philadelphia built a second
boat, the Samuel G. King, shown in

Fig. 8. This is a steel boat, 80 ft.

long by 18 ft. beam, and draws 7 ft. of

water. The boiler is of the tubular

type, 7 ft. in diameter by 7 ft. long,

with steam at 125 lbs. pressure. There
is one Silsby rotary fire pump, which
runs at 650 revolutions per minute,

supplying 1250 gallons for use in six

jets and one large monitor nozzle of 2^/2,

inches diameter.

In 1882, New York increased its fleet

by building the Zophar Mills shown in

Fig. 9. This vessel was the most
powerful boat of its time, being con-

structed of iron, 125 ft. long, 25 ft.

beam, and having a draft of 9 ft. 9 in.

The main engine consists of a single

inverted, surface condensing cylinder,

supplied with steam at 60 lbs. from two
flue and return tubular boilers, each 8

ft. 6 in. wide by 13 ft. long.

The fire apparatus consists of two
duplex and one single pump, all of the

vertical, crank and fly-wheel pattern.

FIG.

3-i

-THE "SAMUEL G. KING," PHILADELPHIA, CAPACITY, I250 GALLONS PER MINUTE.
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The water pressure is 250 lbs. There
are three stand-pipes with 1^ in. noz-

zles, and 12 other outlets. The boat
has power enough to operate simul-

taneously about 13 streams, and has
actually pumped water into a tank a

mile away to supply four land engines.

The pumping capacity of the boat is

about 5500 gallons per minute, and it

has attained a speed of about 13 miles

an hour.

Chicago built in 1883 a boat named

lyn ; one for Chicago ; one for Buffalo
;

and one for Cleveland. The first of

these, the Merryweather, shown in Fig.

10, was built in London for the Egyp-
tian government, and when tested at

Westminster before the Metropolitan
Board of Works, previous to its ship-

ment, was much admired by all who
saw the experiments. It is 51 ft. long,

10 ft. 6 in. beam, and draws 4 ft. of

water. The hull is of iron with division

bulkheads, and is equipped with towing

FIG. 9.—THE "ZOPHAR MILLS," NEW YORK. CAPACITY, 5500 GALLONS
PER MINUTE.

W. H. Alley, which name, in 1887,
was changed to Chicago. The boat is of

wood, 90 ft. long, 18 ft. beam, and its

draught is 8 ft. 6 in. There are two
fire pumps, having a total capacity of

2200 gallons per minute. In the same
year, Philadelphia ordered a third boat,
known as the Visitor. This boat, shown
in Fig. n, was smaller than the others,
being 75 ft. long, and contained two
double-acting fire pumps, serving three
streams of 2^ -inch diameter at 300 lbs.

water pressure.

In 1886, five boats were built, one
for Alexandria, Egypt ; one for Brook-

gear, so that the boat can be utilized as

a tug. The main engine is of the two-
cylinder inverted type, operating a
three-bladed screw, which gives a speed
of 9 miles per hour. The fire equip-

ment consists of a direct -acting double
cylinder pump of Merryweather' s Ad-
miralty pattern, having a capacity' ot

1500 gallons per minute. The delivery

pipe has seven outlets through the deck.

The centre one is 3% inches in diame-
ter, for use with a 2-inch jet, and the

others are arranged for 2^ -inch hose
with yi -inch to 1% -inch nozzles.'- This
boat has proved ot very great value to
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FIG. 10.—THE " MERRYWEATHEE," BUILT FOR THE EGYPTIAN GOVERNMENT BY
MESSRS. MERRYWEATHER & SONS. CAPACITY, I50O GALLONS PER MINUTE.

the Egyptian government, and has ex-

tinguished many serious fires, some of

incendiary origin, that threatened the

destruction of Alexandria.

The second boat, built by the city of

Brooklyn, was the Seth Low, shown in

Fig. 12. It is of wood, 99 ft. long, 23
ft. beam, with 7 ft. 6 in. draught. The

boat is manoeuvred by twin screws,

driven by inverted engines, surface

condensing without a vacuum. There
is one Scotch boiler, 9 ft. 3 in. in di-

ameter by 14 ft. in length, carrying

steam at 100 lbs. pressure, and operated
both by forced and natural draught.

The fire equipment consists of two du-

FIG. II.—THE "VISITOR, ' PHILADELPHIA.
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FIG. 12.—THE " SETH LOW," BROOKLYN. CAPACITY, 3470 GALLONS PEE. MINUTE.

plex pumps, supplying water at 250
lbs. per square inch to 12 streams
using 3 Y-2,

-inch hose, and one bow noz-

zle 3 inches in diameter. The illustra-

tion shows this bow nozzle in operation.

It has thrown a stream through a "$%-

inch nozzle a distance of 427 ft. The
pumping capacity is 3470 gallons per
minute.

The third boat was the Geyser, shown
in Fig. 13, built by order of the fire

department of Chicago. This boat is

of wood, 109 ft. long, 24 ft. beam, with

9 ft. draught of water. The main en-

gine is of the non-condensing, double
cylinder, inverted type. Steam of 100
lbs. pressure is supplied by one Scotch
boiler 11 ft. 5 in. diameter by 16 ft. in

length. There are two vertical, duplex
fire pumps, having a capacity of 3000
gallons per minute, operating against a

water pressure of 130 lbs. This boat

has shown a speed ot over 17 miles an
hour, and was designed especially for

working in the thick ice that forms in

the Chicago river during the winter

months. On the trial test this boat

threw four 2-inch streams a distance of

249 ft. ; one 4-inch stream, 386 ft.
;

and fourteen i^-inch streams, 204 ft.

The George R. Potter, shown in Fig.

14, of Buffalo, the fourth boat, is 80 ft.

long, 20 ft. beam, and draws 7 ft. ot

water. The hull is strongly constructed

of steel, and is driven by a double-

cylinder, inverted, high-pressure en-

gine, the cylinders being 16 inches in

diameter by 18 inches stroke. There is

one Scotch boiler, 11 ft. by 11 it., gen-
erating steam at 100 lbs. ; also two du-

plex pumps, capable of working at 300
lbs. pressure, and having a capacity of

4000 gallons per minute. There are

connections for ten fire streams with i}(-
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inch nozzles, seven with 2-inch, and one
with 3-inch nozzles.

The Cataract\ of Cleveland, shown
in Fig. 15, made the fifth boat, and was
built of wood, 79 ft. long, 22 ft. 8 in.

beam, with 8 ft. 4 in. draught of water.

The equipment consisted of a single-

cylinder, inverted, non-condensing main
engine, a Kunstadter steering and pro-

pelling screw, 6 ft. in diameter by 9 ft.

pitch ; a Scotch boiler, 10 ft. in diame-
ter by 14 ft. in length, furnishing steam
at 100 lbs. pressure. There are two
vertical, duplex fire pumps, having a

capacity of about 3800 gallons per
minute. The speed of the boat on its

trial trip was about 10 miles an hour.

It will thus be seen that the year 1886
showed a very marked improvement in

supplying this much-needed form ol

protection against fire. The power of

these vessels will be better appreciated

when it is considered that their com-
bined capacity is sufficient to throw

3970 tons of water per hour, or to pump
dry a tank 100 ft. long by 100 ft. wide

same dimensions as the Geyser, with

the exception that the draught is 1 1 ft.

6 in. The boiler is of the flue and re-

turn tubular type, 10 ft. wide by 14 ft.

long. The two fire pumps have a ca-

pacity of 3300 gallons per minute, this

being slightly greater than in the case of

the Geyser.

In the same year, Boston constructed

the first of its present fleet, known as

Engine No. jr. This boat, built of

wood, is 108 ft. in length, 24 ft. 6 in.

beam, and 9 ft. draught. It is pro-

pelled by a fore-and-aft, compound,
condensing engine, steam being sup-

plied at 118 lbs. pressure from two ver-

tical, submerged tubular boilers, 7 ft.

diameter by 12 ft. high. The fire equip-

ment consists of two vertical, duplex,

crank and fly-wheel pumps, having 16-

inch steam and 9-inch water cylinders,

both of 10-inch stroke, discharging

6000 gallons per minute through eight

outlets for 2^ -inch hose and four for

3^ -inch hose. There are also, in ad-

dition, two large stand-pipes for throw-

k 511 'Pfi1

_j

-THE " GEYSER," CHICAGO. CAPACITY, 3000 GALLONS PER MINUTE.

by 13 ft. deep in the same time ; or that

each of the American boats is as pow-
erful as seven or eight large land en-

gines. Asa matter of record, the suc-

cess ot the boats just described led to a

very large increase in the demand for

still further protection.

In 1889, Chicago added to its fleet

the Yosemite, a wooden vessel of the

ing 4-inch streams. This boat was
very carefully tested by Mr. William
Jackson, City Engineer, with the

following result :—The maximum dis-

charge through both stand-pipe nozzles,

with a water pressure of 87.9 lbs. at

engines, which were running at 304 and
285 revolutions per minute for port and
starboard, respectively, was 6043 gal-
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Ions per minute. The maximum water
pressure obtained was 170 lbs. These
tests are probably the most complete
ones that have ever been made on the

efficiency of a fire-boat, and to Mr.
Jackson and his associates are due the

thanks of all interested in this subject.

In 1890, New York constructed the

most powerful boat that has ever
been'built. This boat, called The New
Yorker, is strongly made of steel, is 125
ft. long, 26 ft. beam, and 11 it. 6 in.

pumps can easily keep twenty fire

streams at play, and have a capacity of

about 12,000 gallons per minute. As
originally constructed, the boat had a
Kunstadter steering screw, but it was
changed a short time ago for the single

screw arrangement, because it was
found that the vibrations were so great
as to shake the rivets loose in the stern

frame. The crew are comfortably quar-

tered in a house on the boat's dock,
and the boat, together with its house,

FIG. 14.—THE "GEORGE R. POTTER," BUFFALO. CAPACITY, 4000 GALLONS PER MINUTE.

draught. Unfortunately, the draught
is about 30 inches more than was origin-

ally intended, which accounts for the
'

' squatty
'

' appearance of the boat as

shown in Fig. 17.

It is propelled by a triple-expansion

engine, with steam at 148 lbs., sup-
plied by two Scotch boilers, 12 ft. in

diameter by 15 ft. long. One of these

boilers is capable of operating the boat,

while the other is held in reserve.

There are four sets of vertical, duplex,

crank and fly-wheel pumps, and one
small single direct-acting pump.
The water pressure is 300 lbs., and

the deliveries consist of 32 outlets, in-

cluding four large stand-pipes. The

probably forms the most complete equip-

ment of any marine fire station in the

world.

Baltimore, in 1891, built a wooden
boat, called Cataract, having a length

of 85 ft., 18 ft. beam, and drawing 9
ft. of water. The main engine is of the

compound, condensing type. Two
water tube boilers, of the Cowles de-

sign, supply steam at 175 lbs. pressure.

There are two vertical, duplex fire-

pumps, giving a water pressure of 200
lbs., and discharging about 5000 gal-

lons per minute. The boat is equipped

with eight outlets for iy& inch nozzles

and one for a 3-inch bow tower. Fig.

19 represents this nozzle in place, and
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FIG. 15.—CLEVELAND FIRE-BOAT "CATARACT," BUILT BY MESSRS. THOS. MANNING, JR., & CO.

CLEVELAND, O., U. S. A. CAPACITY, 380O GALLONS PER MINUTE.

FIG. 16.—THE "DAVID A. BOODY," BROOKLYN. CAPACITY, 5500 GALLONS PER MINUTE.
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FIG. 17.—THE "NEW YORKER. ' THE MOST POWERFUL FIRE-BOAT EVER BUILT.
CAPACITY, 12,000 GALLONS PER MINUTE.

shows the general form and method ot

operation. Similar water towers are

fitted on the Brooklyn, Philadelphia,

Baltimore and other boats.

In 1892, Chicago built its fourth

boat, the Eire Queen, which is 80 ft.

long, 16 ft. beam, and draws 3 ft. 6 in.

of water. This is much the smallest of

Chicago's fleet. It is equipped with

two direct-acting pumps and one rotary

engine and pump, having a total pump-
ing capacity of 1800 gallons per
minute.

During the same year, Buffalo also

ordered the Jolin M. Hutchinson. This
vessel is of the same length as the Fire
Queen, but of greater beam and
draught. It has a pumping capacity ot

nearly 5000 gallons per minute, using

eight streams of i^-inch diameter, five

Y
:-

FIG. 18.—SECTIONAL VIEW OF THE " NEW YORKER.
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of 2-inch, two of 2)4 -inch, and one of

3^-inch.
It will be noticed that both of the

Buffalo boats have two stand-pipes in

the bows instead ol one. This equip-

ment makes the boats especially useful

on the Buffalo Canal, which is lined on
both sides with grain elevators and
other valuable structures. Slowly work-
ing ahead, the boats can attack simul-

taneously, from the front deck, fires

located on each bank ; or, on windy
days, can use one stream on the fire it-

self and the other to prevent the spread-

ing of the flames.

Brooklyn also added to its service

the David A. Boody, shown in Fig. 16.

This is a wooden boat, 105 ft. long,_23

ft. 9 in. beam, 8 ft. draught. It is

driven by a compound condensing
engine, and has a flue and return tube
boiler, 10 ft. 3 in. in diameter by 14 ft.

long, generating steam at 130 lbs. press-

sure. There are two duplex pumps,
affording a water pressure of 250 lbs.,

and capable of discharging about 5500
gallons per minute through eight out-

lets for 3}4-inch hose and one bow
tower having a 3-inch nozzle.

After the Merryweather had arrived

19.—A FIRE BOAT WATER TOWER, DESIGNED TO THROW STREAMS FROM
i. TO 5 INCHES IN DIAMETER. OPERATED AND CONTROLLED BY ONE

MAN. MADE BY D. A. WOODHOUSE, NEW YORK.
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at Alexandria, the cotton merchants of

that city ordered built, in 1893, a novel

type of floating fire engine, shown in

Fig. 20. This vessel was constructed

of steel, 60 ft. long, 10 ft. 6 in. beam,
with 18 inches draught. It contains

one water tube boiler, and Merry-
weather's pumps, of the Greenwich
pattern, having a capacity of 2000 gal-

lons per minute, delivering to six 3}4-

inch outlets, fitted three on each side,

and to one large 4-inch jet.

The main feature of the design is that

the boat is hydraulically propelled by
jets. By means of a sluice valve, the

delivery of the pumps is discharged
through these jets, which are capable

of giving a speed of about 5 or 6 miles

an hour in smooth water. These jets

can be operated by hand wheels from

FIG. 21.—THE "EDWIN S. STEWART," PHILADELPHIA. CAPACITY, 6000 GALLONS PER MINUTE.
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FIG. 22.—VERTICAL COMPOUND FIRE-BOAT PUMPS, BUILT BY THE AMERICAN FIRE
ENGINE CO., SENECA FALLS, N. Y., U. S. A.

the deck, so as to manoeuvre the boat
in all directions and thus assist the rud-

der. The boat is of special value for

service on the Mahmoudieh Canal, and
reports concerning it have been most
satisfactory.

During the same year, Philadelphia

completed its fleet of four steamers by
the addition of the Edwin S. Stewart,

shown in Fig. 21. This boat is one of

the most powerful in service, being
comparable only with the two Boston
boats and The New Yorker. Its

length is no ft., beam 23 ft. 7 in.,

draught 9 ft. 9 in. It has a compound
engine, and a Cowles water tube boiler.

The pumps are two in number, of the
vertical, duplex, crank and fly-wheel

type, delivering water at 300 pounds
pressure to 8 streams and one monitor
bow nozzle 3^ inches in diameter.
They have a combined capacity of over
6000 gallons per minute.

Last year, Boston built its second
boat, known as Engine 44.. This is a
wooden boat, no ft. long, 26 ft. beam,
8 ft. 6 in draught. The main engine is

compound and either condensing or
non-condensing as may be required.
There are two vertical boilers, with
submerged tubes, 7 ft. 6 in. diameter
by 12 ft. 6 in. in height. The pumps
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are of the vertical, duplex, compound,
crank and fly-wheel type. There are

twelve outlets for 3^ -inch hose in ad-

dition to three stand-pipes. This boat
also was tested by Mr. Jackson with

the result that 6420 gallons were dis-

charged per minute from the two bow
nozzles alone.

The following table gives a summary
of the boats owned by the different

cities:

—

Number of Boats.
Total

capacity
in gallons
per min.

Name of City.

Wood. Iron or
Steel

Total.

Al'x'n'ria,Egypt
Baltimore
Boston ..

Brooklyn
Buffalo

1

2

2

4

22

2

2

4
2

2

1

2

2

2

22

3

2

3.500
5,000
12,463

8,970
9,000
10,300
3,800
16,500

19,900
10,000

2,250

Chicago.
Cleveland

New York
Philadelphia
River Wear

It will be seen that the most powerful
boats are located at Baltimore, Boston,
Philadelphia and New York. While
London makes a large showing in the

table, it must be remembered that it is

caused by the great number of floats

which the city owns. As these floats

are able to throw streams of only small

diameters, they are not as effectual fire

fighters as the other boats. These floats,

together with the accompanying tugs,

probably cost as much, if not more,
than the more modern self-propelling

vessels, which latter have the still fur-

ther advantages of being self-contained,

without division of the crew, and are

capable of towing a burning vessel into

the stream, out of danger to other ves-

sels and docks, while still throwing fire

streams.

Generally speaking, fire-boats should
be located at the most convenient points

of vantage, so as to command the

greatest extent of property, considera-

tion being given to distances, the value
of property to be protected, and the

risks of fire. The boat should be con-

nected to the department headquarters
by telephone, and also to the system

of fire calls adopted. These connec-

tions are made by having the electric

wires worked into a flexible cable,

which can be quickly and easily slipped

in case the vessel has to leave her
station.

The pilot house should be so de-

signed as to command a view in all

directions, to serve as an office, and to

protect the captain and pilot when the

boat is in action at a fire. The coal

capacity of the boat should be sufficient

to allow considerable length of time to

elapse before it is required to refill the

bunkers. In many cities, it is con-

venient also to have quarters for the

men on board, but this is not always
necessary. Where the lodging place

is near the station, the crew can be
summoned by an electric gong, or some
other similar means of call.

There is some diversity of opinion

as to the most approved designs for

pumps, but best practice seems to favor

the vertical condensing types. Fig.

22 shows the compound pumps of

Boston boat, No. 44. The diameter

of the high pressure cylinders is 12^
inches, of the low pressure 18 inches,

and of the pump cylinders, 10 inches,

all having a 11-inch stroke. The dis-

tributing apparatus should be simple,

easily reached for repairs, and arrange-

ments made either to concentrate the

streams in a few large jets or in a num-
ber of small ones, according to circum-

stances. The Siamese connections

are found very useful in this par-

ticular, as they can be screwed on a

large discharge outlet and the stream

divided into two smaller ones. The
large monitor jets are made in sizes,

varying from 2]A, inches to 5 inches in

diameter. These nozzles or tips can

be quickly changed, as the size to be
used is entirely controlled by the num-
ber of the other outlets in use, the

water pressure not being sufficient for

a very large jet when many lines of hose

are being operated.

It has been found that streams from
nozzles less than i}( inches in diameter

are inefficient against a hot fire, and
that one large stream is much more
useful than the same quantity of water
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divided into smaller ones. Provision,

however, should be made for many
small streams, as there are cases, as

for instance, in preventing the spread
of a conflagration, when it is necessary

to use them, so as to attack the fire

simultaneously at many points, and to

keep the adjoining property thoroughly
wet. It has also been proved that

boats exceeding no feet in length are

unhandy for fire service. This is

especially true in cities having long
slips or situated on narrow and crooked
rivers.

For manoeuvring purposes, some of

the boats have been made with twin

screws, but the extra ability in turning

power has been offset by the complica-

tion of the machinery and the increased
floor space that the engines require.

Out of the twenty-one self-propelling

boats above mentioned, only two were
designed with twin screws, one with
side jets, and eighteen with single

screws.

For similar reasons, a speed exceed-
ing about 14 miles an hour does not
seem to be of great value, unless the
boat is situated under peculiar condi-

tions, requiring trips to distant points.

Even then, it would pay to build two
boats. Water tubular boilers are giv-

ing promise of greater use in the future,

but of the boats mentioned, only three

were fitted with such boilers, while

eighteen have the fire tubular type.



AMERICAN NAVAL ENGINEERS! THEIR RANK AND TITLES.

By Wm. Ledyard Cathcart.

"W E can only-

repeat that

the undue
subordination of

the engineering

branch in an en-

gineering navy-

is fraught with

the gravest pos-

sibilities of dan-

ger to the

£tJ^MPMfl^"^ State." These
E| are the editorial

words of one of

the foremost en-

gineering jour-

nals of our time
;

and yet, the conditions which they
describe and deprecate exist to-day

within the United States naval service.

Its organisation is based on the methods
of the past.

The officers of the line are probably
without superiors as artillerists and nav-

igators, but they are amateurs purely
with respect to detailed knowledge of

the complicated mechanisms for propul-

sion, ordnance service, and many other

varied purposes which fill modern
ships. The engineer officers of the

United States Navy, like the line offi-

cers, are educated at Annapolis, and
form a highly skilled and scientific

corps ; but their number is most inade-

quate to their heavy and increasing

burden of work and responsibility, and
they labour, in addition, under a cum-
brous and antiquated organisation, the

relic of pre-Rebellion days.

The defect in the United States naval

system which contributes most seriously

to impair the efficiency of the corps of

engineers is the absence of positive mili-

tary rank for its officers. Years ago,

as a partial settlement of a long-pend-
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ing controversy, the corps received from
Congress the concession of so-called
'

' relative
'

' rank, but while this step

gave its officers all the privileges of
those of the line in quarters, pay, and
precedence on courts- martial and cere-

monial occasions, it was found that,

when put to the crucial test of com-
mand, this quasi-rank was a vague and
elusive thing.

The proper function of relative rank
is simply, and only, to determine the
precedence of officers of separate serv-

ices who meet on ceremonial occasions;

further than this it cannot go. The
line and the engineer officers of the

navy constitute one service; "their
joint action is for the consummation of

the same purpose; they are inseparably

one as regards their naval duties."

There cannot be two kinds ofrank in any
one organisation; rank there may differ

in degree, never in kind. In the navy
positive or military rank must exist,

and, hence, relative rank, which differs

from it in kind, is, for it, a logical im-

possibility,—like the surd in mathe-
matics, an " irrational quantity."

It is safe to say that the legisla-

tors who framed this statute did not
contemplate the results which were to

follow. In the House of Representa-

tives, Mr. Stevens, who had the bill in

charge, made the following statement :

" Substantially there were but two points of differ-
ence between the two Houses upon this question.
The first was in regard to whether the staff corps of
the navy should have actual rank in conformity to
the law regulating the staff corps of the army, or
whether it should be an assimilated, imperfect, in-
choate rank or a fixed, positive, actual rank ; and I

think that it was the opinion of the committee that
had it in charge that this bill conferred upon the
staff of the navy the same rank and official position
that are enjoyed by the staff corps of the army,
at least the same corresponding position. That was
the purpose of this bill."

This purpose has not been carried

out. That so vital a portion of the

force as is the engineer corps should be
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left without absolute command over its

own men, that its legal status in the
exercise of its most important func-

tion should be open to question, is more
than an absurdity. The effect has
been to leave between an illogical law
and the lax naval regulations which at-

tempt its interpretation a wide debata-
ble ground, the practical limits of
which, under varying conditions, can
be, perhaps, best illustrated by quoting
the Duke of Wellington's brilliant and
arrogant dictum as to martial law,

which he defined as "the will of the
commander-in-chief."
When that commander-in-chief, as

Captain, if the vessel be acting singly;

as Admiral, if she be on a distant sta-

tion; or as Secretary of the Navy, if

she be nearer home, has been gifted

with broad patriotism and keen mental
vision, the engineer officer has been
untrammeled; with the reverse, the
friction has been constant. The effect

of such conditions on the morale of the

officers and men of this corps can be
fully understood only by those familiar

with the routine of a military organisa-

tion. That, despite them, the disci-

pline and efficiency of the force have
been maintained is a notable tribute to

the tact, strength of character and su-

perior intelligence of its officers.

The objections urged in the past
against the giving of positive rank to

the engineer officer were mainly that

his field of duty was restricted; that the

size of his force afloat was relatively

small; and, finally, that according to

military law he was a non-combatant.
With the changed conditions which
prevail, it would seem difficult, at this

time, to present even a primafacie case
in support of these propositions. The
vital importance, the varied nature, and
the wide range of his duties and useful-

ness may be shown by a single extract

from the Naval Regulations:

—

" He shall, from time to time, make inspection of
machinery under cognisance of other bureaus and
report * * any repairs or adjustment which in his
judgment may be needed. He shall have immediate
charge of all such repairs. * * * He shall per-
form such other professional duties as may be as-
signed him."

In other words, in addition to the
powerful propelling engines and their

dependencies which he controls, this

officer inspects and keeps in repair all

other machinery of every kind and for

every service. Again, an examination
of the complements of modern ships of

war will show that, in commerce de-

stroyers of the Cohtmbia class, his force

comprises one-half of the combatant
strength of the ship; and, in armoured
cruisers of the New York type, fully

one-third of this number. And, finally,

as to his non-combatancy, it may be
said that this definition was made in

the days when physical prowess was
the main element in warfare. The
changes of this age render necessary

the revision of military law on this

point.

Ships are no longer laid yard-arm to

yard-arm in what the Great Admiral
called the '

' Nelson touch, '

' while board-

ing parties surge to and fro above, and
the sanded decks below, lit by the lurid

glare of battle-lanterns, run red with

the slaughter from roaring broadsides at

close range. The musket and the

pike, the battle-axe and the grappling

iron have been honourably retired from
naval warfare; the sword of the officer

has become but a badge of rank; and,

in our time, the naval action has been
transformed into a duel at long range,

behind armoured walls, with weapons
of precision,—the tools of the engineer.

While this change has been, to some
extent, a gradual one, it was effected

finally through the Monitor, the first of

American ironclads. When she came
from the hands of Ericsson,—in hull,

turrets, armour, and machinery, a com-
plete conception,—that finished en-

gineer, in thus producing a vessel im-

pregnable to attack by boarding, rang
the knell of personal combat on the sea

and laid down, as well, a new definition

of the combatant. The true sea-fighter

in this day is he who is essential to the

military strength of the ship.

The primary function and the ulti-

mate object of a naval fleet is

warfare. In considering the status of

the engineer in action, let us assume
that the line branch of the vessel be
divided into a navigating, or executive

corps, composed of the commander
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and his immediate aids, and an ordnance
corps which shall fight the battery.

The cardinal duties of the battle-ship

are to reach her field of action, to effect

which she needs only the navigating

and engineer corps ; to manoeuvre and
attack with artillery on that field, in

which all her corps are required ; and,

finally, to attack directly by ramming,
when, as in the first instance, the ord-

nance corps is not needed. It will be
seen that in all these combatant func-

tions the engineer is an absolute essen-

tial and that in one only will there be
required the ordnance corps, which
branch would, of necessity, include a

far larger proportion of the line than
the relatively small navigating corps.

With regard to the danger of the

engineer officer's post in action, it has

been said that he is below the protective

deck, as if peace and safety slept within

its shadow. As a matter of fact this

deck is a relatively thin shell, depend-
ing for its resistance mainly on the

angle of incidence of the shot; and, fur-

ther, being below that deck and within

a closed compartment is, in itself, a

situation to try, at such a time, the

nerve of most men.
It is told of Farragut, that, when

making, near Vicksburg, during the

American Civil War, a reconnois-

sance in an ironclad, he soon grew im-

patient with the narrow bounds of the

casemate and, "for safety," went on
deck, where shot and shell fell thickest.

As with him, most brave men prefer to

fight in the free air,—not in a confined

space, in tropic heat, and with artificial

light and ventilation, especially when
that light and air may, in a moment,
vanish with a well-aimed hostile shot.

Again, that protective deck will not
ward off the danger from the torpedo or

the submarine boat, which strike below
the armour belt; nor, indeed, from
even light gun-fire if the ship be so

heeled over as to show her thin hull

plates. On this latter point, a recent

writer says :

—

'

' A list of ten degrees would expose
the plates below the armour, and, in

this way, a battle-ship might be sunk
by the rapid-fire gun of a torpedo

chaser or a gunboat. Anything hap-
pening to boilers or bunkers on one
side might cause this list." And,
finally, when we recall the tragedy of

the Victoria, we realise, perhaps, the

engineer's greatest danger from with-

out. Rammed,—but not at high speed
nor in action; not in a gale, but on a

placid sea, and in the full light of a

June afternoon,—that battleship, in

sinking, carried with her five of her six

engineer officers and two-thirds of their

force. Of this, E?igineering; of London,
said :

—

"Undoubtedly, in a case such as

this, the heroism of the occasion is with

the engine-room staff. * * * That
the engineer officers and men of the

Victoria braved these dangers in the

discharge of their duty and went to

what they must have known was certain

death, forms one of the most noble
pages in the glorious annals of the

British Navy."
It is not only external attack which

makes the engineer officer hazard much
in action. With heavy machinery,
driven at excessive speed, with boilers

and piping put to their utmost stress,

his immediate surroundings have within

them the elements of grave and sudden
danger. The power of steam at the

pressures now used,—160 to 240 lbs.,

—

makes it, when misdirected, terrible in

its destructiveness. Concussion, from
gun-fire or ramming, will develop any
latent weakness in joints, piping, or

bracing.

A single instance will show what this

may mean :—On the German battle-

ship Brandenburg, in 1894, "the stop-

valve on the separator broke short off,

close to the flange, thus giving a full

opening to the escape of steam from
the twelve boilers. The door between
the two engine-rooms was open, and,

of the men in them, 39 were killed out-

right and 9 so badly injured that 6 of

them died subsequently."

In view of the wide field of service

of the engineer and of the large pro-

portion of the force which he controls,

it seems a strange anomaly, in a navy
whose materiel is wholly engineering,

whose every vital function has its source
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in, and its application mainly through,
him, that this officer should still be
ranked as a non-combatant. The tra-

dition of a vanished past obtrudes its

shadow to cloud his arduous service,

his great responsibility, the overwhelm-
ing importance and inherent danger of

his post in action.

There is a marked parallelism be-

tween the duties of the naval, and those

of the army engineer. The officers of

the latter branch form the designing,

and with their sappers, miners, and
pontoniers, the constructing, arm of

that service. Despite the fact, how-
ever, that, except by executive author-

ity, they shall not assume nor be or-

dered on any duty beyond the line of

their immediate profession, their com-
batant status has been recognised from
the first. As an outgrowth of, and not

an addition to, the line ofthe army, they
have met no opposition to their military

rank and title. In professional attain-

ments these officers are regarded as the

corps d' elite of that service.

Further, there is a close analogy be-

tween the action of an artillery force,

which by massed and heavy fire, pre-

pares the way for the charge of infan-

try in battle, and that of the engineer

corps of a vessel in so manoeuvring
her that her ordnance officers shall be
enabled to train her guns effectively

upon her opponents. In the naval, as in

the military example, one corps supports

the other ; neither acts singly ; success

depends upon both. And, finally, in

that direct and most terrible of all as-

saults,—ramming, the service of the

engineer corps seems identical in prin-

ciple with that of a charging column of

land forces.

While there are many minor instances

of this mode of attack in the American
War of the Rebellion, with one noble

and notable one by Farragut, at Mobile
bay, the terrific effect of a charge by
rams in squadron or fleet,—the cavalry

of the sea,—seems to have been strange-

ly overlooked in these days of compli-

cated battleships. On this point, one
of the most accomplished American
officers of the line and one of its ablest

strategists as well, says :
—"The sim-

4-1

plicity of the ram, and, when properly
built, her1 actual impregnability to any
gun-projectiles, with her turning pow-
ers in half the time of other vessels

of the same length and displacement,

reduce a fleet of battleships, in the pres-

ence of a fleet of rams of the same
number, to little more than helpless

war canoes."

It will be seen, that, viewed from any
standpoint, either directly or by com-
parison, the duties of the naval engi-

neer officer are essentially combatant
and military. To class him as a mem-
ber of the civil branch is a misnomer.
Civil officers take no part in military

operations and are not called upon by
the nation to risk life in its cause.

Justice to him requires that he be given

positive military rank in due recogni-

tion of his service ; and wisdom im-

peratively requires it, in view of the

relatively large force of men which he
must organise, instruct, and direct in

peace, and which, in battle, amid grave

dangers and sudden emergencies, he
must control in the performance of func-

tions vital to the ship.

With this military rank should come
also the replacement of the professional

titles of engineer officers by those of

their lineal grade. While such a great

American constitutional lawyer as Sena-

tor Edmunds maintains that the law as

it now stands gives to the staff a legal

claim to such (lineal) titles, still, as with

the rank, this statute is vaguely drawn
and the right of the staff to them should

be clearly established.

Military titles, as now employed in

the line of the navy and in the army,

have but two functions—to indicate the

fact that the officer is a member of the

naval or military service and to mark
his grade in that service. They have

no reference to professions and convey
no information as to whether the officer

is an artillerist and navigator in the

navy or an ordnance officer, an engi-

neer, or a surgeon in the army. The
military idea is not capable of combina-

tion with the professional, and imme-
morial usage makes a title referring to

the latter, inconsistent with a combatant

service. If, in the passing of the years,
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other military officers than the line have
been added to the navy, there seems
no valid reason why that corps alone

should bear the titles which are, injus-

tice, the right of all.

In view of the changes which have
come so swiftly in the materiel of the

navy,—changes which have revolution-

ised, in a few brief years, its whole
fabric and which have made a battle-

ship but a mighty machine, built up of

many minor mechanisms,—it seems in-

evitable that there should be, as well,

marked changes in the naval personnel.

Afull recognition of the corps of en-

gineers and the making of that branch
a strong and powerful body seems the

first step ; but this should be supple-

mented by a radical departure in the

training of line officers.

When all officers, both of the line

and staff, are, in the performance of

duty, handling mechanism, all should
be, to a greater or less extent, ac-

quainted with its design, construction,

and conservation. The great com-
manders of the future will be men, who
like the gallant and honoured Admiral
Ammen, combine, with stout hearts

and strategic brains, an intimate

knowledge, based on engineering study,

of the details and capabilities of the

mass ofmachinery which constitutes that

floating fortress, the war-ship of to-day.

The time-honoured but now obsolete

naval organisation, struggling with the

management ofmodern materiel, recalls

forcibly the words of the distracted

Hecuba, when during the fall of Troy,
she saw its old king, Priam, tottering

forth to battle with the armour of

a stalwart warrior upon his wasted
frame,

—

'

' Non tali auxilio, nee defensoribus

istis tempus egety
And so it seems that " not such aid,

nor such defenders, does this age de-

mand." The desire of every thought-

ful citizen that the naval personnel shall

be a united and powerful body, should

be echoed in the wish and reflected in

the act of every officer in that service.

Country should come before corps, and
class- interest follow, not precede, the

welfare of the nation. If " positive

rank " for the corps of engineers means
unbroken ranks in the force which shall

some day face the foe, there should be
found no officer of the Navy to oppose
its enactment.

€^'



ECONOMICS IN THE FOUNDRY.

By C. O. Heggem.

PRO B A-
BLY, no
depart-

ment of an en-

gineering es-

tablishment re-

sponds more
readily to the

touch of order

and systematic

administration,

by turning out
better work at

less cost, than
the foundry.
Not that this

department i s

any more ready and waiting for the

work of the reformer than some other
departments ; far from it.

The obstacles and prejudices to be
overcome are numerous, for it is here,

as everywhere else, considered as a

sacred duty to oppose anything that is

new, and it is, indeed, surprising with

what determination this opposition will

be carried out, even when it is tolerably

easy to see that the proposed change
will be as beneficial to the employed as

to the employer. On the whole, the

foundry will show a saving by the

adoption of improved methods, quicker

and in greater proportion than any
other department. It is, of course,

essential that whatever reform is intro-

duced should be along practical lines,

for there is nothing that so destroys

faith in improvements as those which
fail to improve; and, for this reason, it

is well to study the case in hand from
all possible sides, to make sure that no
vulnerable spot can be found anywhere.
If this has not been done, the weak
spot will be there, and it will be found,

too; for there are a great many more
people looking for it than there are

people looking for, and willing to show
up, the merits or good points in any
new scheme. It may be that this is

strictly in accordance with the law of
" the survival of the fittest," and, if so,

real improvements have nothing to fear

from it.

It is the purpose of this paper to

deal with the foundry from an adminis-
trative point of view, to show how an
order for work appears, and follow it

through its travels until returned to

the place from which it started. The
system here outlined has been in use in

one of the largest foundries in the

United States for a number of years
with excellent results ; and, while it

was gotten up to especially meet the

requirements of a large plant, it will be
found to be as well adapted to small

ones, inculcating order and neatness,

with all their attendant virtues, wher-
ever introduced. It forms part of a

complete system, comprising the whole
establishment, which, described in its

entirety, would exceed the space allotted

to this article. Enough, however, will

be seen from the following pages to

show how it is applied to the foundry.

A shop- order is authority for all

machinery made. This order emanates
from the main office. In the present

case, Shop Order No. 267 calls for

80 6x9x10 compound traction en-

gines. From this order are made up
the specifications for the different

departments, and blank B 31 is for the

foundry. It answers the purpose of

specifications to the foundry foreman
for all castings required to complete
the order, and is furnished to him with

each shop-order. In order that the

foreman may not be unnecessarily

taken up with clerical labour, and that

he may be enabled to spend most of

his time in the foundry, where his serv-
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ices are the most valuable, this blank
is so arranged that he can assign each
piece to the workman he deems proper,
and, after having assigned the mould-
ing of the various parts, his assistant

writes up individual orders on blanks,

promptly filling them, and that they

are accompanied by patterns and follow-

boards. The cores are delivered to

the moulder on his floor by the core-

maker who made them, and the piece-

work price of each core covers such

B 31 Engine Order No

Shop Order No ZJkjL
_ ..^La^a^.. j£_ 189-.6...

Dep'r-B—Furnish Dep'tiSZ

The following Castings .......SZO^ _li...i^..^.fi!'.^.;! i^^-t-i^_ '/^c^v^. "^^C-^-tr^r^-? „..

s

B-26, to each moulder named, writing

one.order for each part to be made.
These orders are then delivered to

the core-maker, who makes up his

order for the 'cores and assigns them to

hisl men in the same manner. The

to

fa

to
fa

delivery. Core-makers are paid only
for such cores as are actually used each
day.

Moulders are allowed to reject any
and all cores which in their judgment
are not perfect or properly made, and

S. 0. No. 7r <h7 To TllTr
. l7Ul£e^J

. n„,„ £*_ ,3-9/5

Transferred to.. „

Make Castings as follows ar/d Tally number

a
~£>Z6 F. 0. No.

of Pieces made and Scrapped each Day.

All Castings scrapped from any cause to be replaced without further order.

No. Piece's Ordered. Symbol & Number. NAME OF ARTldLE.

-6? Q/8*/? Su^^^c/ \rfk^t *Sf -^Sy^^^.^
TOTAL.

Tally
7 j- •7- y 2- , j. .j. > $ 2- / % 7- * > > / „ > ^ 2- / 2! ,. > > <J~~i>

Castings 1 / z- 7- T ^ > 7 '/ z. -*. •3. z- / 3-J-

.(Uaie 7J-

VA~
Spaces.

TALLY
CASTHtGS
SCRAPPED.

/ / / / / / /
I.

Workmen MUST keep accurate account of all work assigned them on this card. Castings made in excess of orders will be DISCOUNTED.
Examine Symbol and Number on Pattern-and see that It agrees with order.' Make no work without an order. This order MUST be returned

to thfc OFFICE and Patterns sent out as soon as completed.

orders, B-26, then go to the man in

charge of the pattern storeroom, who
delivers the patterns and follow-boards

to each moulder on his floor with the
order.

It will be noticed that the orders do
not reach the moulder until all neces-

sary arrangements have been made for

such cores are not paid for. When
imperfect cores are used, and defective

castings result from their use, the
moulder, having taken all responsi-

bility, is charged with them. When
the order is completed, pattern and
order are placed at the head of the mould-
er' s floor, and before blast time they
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are returned to the pattern storeroom
and foundry office, respectively, and
checked off on the specifications as

filled.

The pattern storeroom is arranged
with tiers of shelves, which are sub-

divided into small sections, each of

which is numbered and lettered. Each
tier of shelves is provided with a book,
listing- all patterns belonging on such
shelf or tier, and locating the same, as

per small section, so that they can be
readily found.

Whenever a pattern is taken from
the storeroom, one of the blanks, B-22,
is properly filled out and put on a

hook provided for that purpose on the

section from which the pattern was
taken. Should it become necessary to

repair a pattern in charge of the

moulder, and charged to him in the

storeroom, one of the same blanks is

filled out and left with him, to be taken
up when the pattern is returned in

either case. No pattern is permitted

to leave the pattern shop without first

having its proper symbol and number
placed upon it, either in raised letters

and figures, or stamped sufficiently

deep to plainly appear on castings

made from it, and a record having
been made of it. These symbols and
numbers are obtained from the draw-
ing room, and appear on all drawings

as well, and reference to any pattern is

made by symbol and number on all

orders for castings or patterns. This
system also applies to all miscellaneous

patterns, such as shop tools, jigs,

boring bars, foundry clamps, flask

parts, crabs, etc.

The symbols used are letters of the

alphabet, and each letter represents a

particular size or variety of machinery.
For instance, A may be the symbol
of all patterns pertaining to threshing

machines; D, of all 10-inch stroke

engines; W, of 27-inch stroke engines;

M, saw-mills, and X to all miscella-

neous patterns. The numbers follow

the symbol in consecutive order, as, for

instance, D 1845, low-pressure cylinder

for 10-inch stroke compound engine.

These symbols and numbers are of

great use in keeping account of and

delivering to the proper department,
and storing, castings, as well as handling
the patterns, and especially core-boxes,

as each core-box is also marked with
the symbol and number of the pattern to

which it belongs.

All moulding is done by the piece,

and each moulder is credited with

the full amount of work rammed up on
the day on which it is completed. The
next day all defective castings are gath-

T>22 -**-
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ered together at one place in the

foundry, inspected, and charged back
to the party responsible for them, and
at the end of each pay interval they

are reported to the timekeeper as dis-

count. In like manner, all castings

which pass the cleaning department,

and are found to be defective only

when being machined, are returned to

the foundry at stated intervals to be

inspected both by foreman and mould-

ers. As the cleaning of castings is

nearly all done by the piece, any undue
tendency on the part of the moulder to

turn out rough work receives a check

by a complaint from that quarter.

All castings made are weighed as

soon as ready to deliver from the clean-

ing room, and from the weight book
(which deals with them by symbol,

number and weight, only) they can

easily be charged to the proper depart-

ment. In order to arrive at the

foundry cost of castings, the cupola is

charged with all iron and fuel used
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DEPARTMENT

Repair Order No...

- IS9

Make at once and deliver the following, with this order to

Vrder filled and returned - _ _ r8r>.:...

n,.,M.BI.„..,.,.l->.r.n,, S,oO. Hour.. B.to. TOU..

—
Total.

Fan

each day, this being weighed, and is

credited with all castings weighed, and
weight of the sprues and all scrap cast-

ings weighed back. A separate account
is made of all castings made for shop
use, and those retained for foundry use
are easily kept account of, since no
castings are permitted to be made by
the moulder without an order, and
these orders, being checked up as soon
as filled, make it impossible to over-

look such items as clamps and gaggers,
ol which no account is usually taken.

New flasks, flask repairs, blacksmith
and all work on foundry appliances,

excepting patterns and core-boxes, are

ordered from the proper department
on order blanks B-85, common to all

departments, and when the work is

done the orders are returned to the

department making the order, with
labour and material used noted on
them, thereby furnishing each depart-

ment with sufficient data for a monthly
report of incidental expenses—an item

usually overlooked, or, at best, under-
estimated in the foundry.

Blank B-40 is another form of order
common to all departments. It is used
in ordering goods usually kept in stock,

either at the stock room or tool room.
The foundry does not use this form as

much as some of the other depart-

ments, but as it is impossible to obtain

anything without an order, this one
comes in for such occasional requisi-

tions as the foundry may make for fin-

ished goods, on which no labour is

spent by the department delivering

them.
In a foundry employing not more

than 150 men, one man as an assistant

to the foreman can easily attend to the

necessary bookkeeping, and all other

clerical work, as well, and make a

monthly report of operations, from
which, in connection with the pay-roll

and foundry merchandise account, the

main office can readily determine just

what their castings are costing per
pound. This course, if followed

monthly for a period of, say, two
years, will furnish a permanent factor

of incidental expenses, and any radical

increase or decrease from this factor at

any time would call for immediate
attention. This factor would be espe-

cially valuable for comparisons when
making changes in the administration

of that department, or adopting new
appliances.

t) T; U (B40-20JM-95]

Foreman's Order.

Date 189

Department- . Deliver to Bearer.

Chargeable to_

Foreman,-
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The pig iron is taken from the yard,

broken, weighed, mixed and charged
into the cupola by two men at a fixed

price per ton. The iron is mixed on a

four-beam charging scale, arranged
with indicators outside of the beam
box, so that, after the indicators have
been arranged by the foreman for his

mixture, the beam box is locked up,

and the weigher cannot change the

weights or know the proportion of

each kind of iron used in the mix-
ture.

A record is kept of each mixture,

and it is designated by a symbol and
number, symbol A being used for all

hard, and symbol B for all soft iron

mixtures. A daily test is taken from
each mixture by means of test-bars,

cast at different stages of the heat.

These test-bars are moulded and poured
by the same workmen and, as nearly as

possible, under the same physical con-

ditions each day, and after being tested

as to contraction, deflection and break-

ing strength, are sent to the machine
shop for a working test. The results

of this test are made a part of the

cupola record for each day, and are

embodied in the daily report, as per
blank B-52.
When more than one iron mixture is

required for the same heat, and it is

desirable to use but one cupola, such
being the case almost daily, the amount
of each mixture is determined by the

foreman scanning the moulders' floor

and jotting down in opposite columns
the amount of each mixture required

for each floor, reporting same to the

cupola men, with instructions as to

charging. The amount of iron to be
charged and the time that the blast

will be put on are then chalked on a

blackboard for that purpose, put be-

tween the cupolas, so that everyone,

having due notice, can gauge his

work accordingly.

As it is fully understood that this

time, once fixed, will not be changed,

except in cases of dire necessity, it

becomes a rare occurrence that all are

not ready at the appointed time, and it

seldom becomes necessary to have any-

one in the shop after working hours,

which is duly appreciated by the work-
men.
The iron, as it comes from the cupola,

is apportioned to the moulders by the

foreman and his assistant, and no
moulder is permitted to get his iron

without having been called upon.
Should he have a variety of work on
his floor, requiring iron of each of the

several mixtures, he is instructed what
part of his work to pour, thus making
sure that all work is cast from the

TEST.OF CjPs.ST IRON

Dale ..^*.4^-<r-.....f?:..(?. :.....i8,^
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proper mixture and at the most favour-

able stage of the heat, thereby insuring

a more even grade of castings.

The moulders are required to deliver

their castings at the foot of their floors,

along each side of the gangway track,

with sprues broken off, whence they

are taken, on the following morning, to
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the cleaning room by two gangs of men
and trucks. As fast as castings are

removed, the gangway sand is also

cleaned up and delivered to the core

room to be used again, and in a com-
paratively short time the shop assumes
a neat appearance, not usual at any
time in many foundries. As rubbish

of any kind is not permitted to be
thrown upon the floor, general neatness

soon becomes a habit among the work-
men.

Shelving for patterns and tools at the

end of each floor, a good, tight cup-
board for clothing, lunch, etc., and
plenty of room to store his flasks and
boards, leaves him no cause or excuse
for untidiness. The flasks and boards
are all delivered to him on his floor,

and removed as soon as he is done
with them and stored systematically in

the yard, the larger ones within the

radius of a crane and the smaller ones
piled up in double rows, with room be-

tween for trucks.

Hydrants are placed at short inter-

vals all over the foundry, and each
moulder is furnished with a sprinkling-

pot. In addition, each moulder is

supplied with a shovel, rammer, a
riddle, suitable for his work, a hammer,
rapping bars, strike-oft, draw screws,

a casting hook, sponge pot, dust bags,

vent wires, a small 18 x 18 parting
sand riddle, and a good tool box, with
which he is charged when receiving it

and credited when turning it over
again upon leaving the service. Any
of the above tools, when worn out, can
be exchanged for new ones or be
repaired. Careful and prompt atten-

tion to the moulders' wants is the rule,

and reforming service and creating

discipline becomes an easy task as soon
as the men realise that it will gain for them
the same facilities and recognition

accorded to machinists and other trades.

This much accomplished, economical
use of material and a better grade of

work follow as a natural consequence.
A large proportion of the labour in

making cores can be accomplished by
boys of from fourteen to sixteen years
of age. Of these, several of the bright-

est are selected each year for appren-

tices, and advanced at the end of their

second year to bench moulding, to be
followed by ordinary floor work or
machinery moulding, according to the
ability developed. In this manner,
undesirable men can be weeded out as

occasion may require, or men leaving

the service of their own accord can be
replaced with resident men, familiar

and in accord with the requirements
of the shop—an advantage which can
hardly be overestimated.

The apprentices are not required to

sign a written contract. The agree-

ments are all verbal, but experience
has shown them to be fully as satis-

factory as if they were written agree-

ments. The penalty for leaving before

the term has expired is that no certifi-

cate of completed apprenticeship is fur-

nished, and this, together with fair

chances to get at the different grades
of work, and, thus, become proficient

in the trade, has made runaways very
few, indeed.

The following instructions are gen-
eral, and are sent to foremen of other
departments, as well as the foundry;
they cover all the essential points of the

apprenticeship arrangement, and, after

years of operation, do not seem to need
any additions or modifications :

—

Instructions Concerning Appren-
ticeship.

Please note the following rules, gov-
erning apprentices in your depart-

ment :

—

The full term of apprenticeship shall

be three (3) years. Each year shall-

consist of three hundred (300) working
days often (10) hours each.

The compensation shall be
per hour the first year ; per
hour the second year ; and
per hour the third year.

The change in rate shall not take
place until a full working year of three

hundred (300) days shall have been
completed.

Apprentices above the age of eight-

een (18) years may, when the occasion

requires it, work extra hours, and will

be paid for same at their regular rate,

but such extra hours will not be counted
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to shorten their term of apprenticeship;

neither will short time, in case your
department is running less than ten

(10) hours per day, be allowed to

lengthen the term beyond three hun-
dred (300) actual working days faith-

iully put in, as per requirement of your
department.

Apprentices may do work by the

piece, when they will receive 33 per

cent, of regular piece work prices for

the first year, 50 per cent, for the
second year, and 75 per cent, for the
third. This percentage shall be deter-

mined after the regular discount to

which piece work in your department
is subject shall have been made.

At the conclusion of the term of

apprenticeship, a testimonial, alluding

to character, ability, and manner in

which the term was filled, will be given.

, Gen'l Supt.

AN HISTORIC ELECTRIC CENTRAL STATION.*

By John W. Lieb, Jr.

ON the afternoon of September 4,

1882, a small group was gath-

ered in New York city, at 257
Pearl street, awaiting the approach of

3 o'clock. Orders had been given that

a circuit breaker of one of the Edison
"Jumbo" dynamos should be closed
at that hour, establishing, for the first

time, connection between the station
'

' bus
'

' bars and the underground sys-

tem, thereby formally inaugurating the
service of the first central station in the
United States equipped for the com-
mercial supply of current for light, heat
and power through a complete system
of underground conductors and inte-

rior wiring.

At the offices of Messrs. Drexel,
Morgan & Company, on Wall street,

were gathered a group of prominent
financiers and enthusiasts centered
around that interesting and original

figure, Thomas Alva Edison. All

were awaiting eagerly the "bursting
into glory '

' of the incandescent lamps
distributed throughout the offices, sig-

naling the realisation, at last, of the
hopes and dreams of confident capital-

ists and enthusiastic disciples of the
"wizard of Menlo Park."
To appreciate the enormous prog-

* Extract from a paper read before the New York
Electrical Society.

ress that has been made in industrial

applications of electricity within the

past 15 years, it may prove interesting

and instructive to take a look into that

historic station and examine the details

of its electrical and mechanical equip-

ment. No better idea of the status of

the electric lighting industry at the

time the Pearl street station was opened
for service can be given than by quot-

ing the following extract from the first

annual report of the Edison company
for isolated lighting, dated November
21, 1882 :—

'

' When this company was formed
a year ago, the business of isolated

lighting was entirely undeveloped, and
no data existed whereby the future

development of the business could be
foretold. At that time Mr. Edison
was making but one size of isolated

dynamo, namely, the ' Z ' dynamo (60
lights). We had no reliable steam en-

gine ; the innumerable details relating

to installations, such as fixtures, safety

catches and other appliances, were still

unperfected, or were not manufactured
on a suitable scale. There had been
but eight isolated plants installed or in

process of installation, and but one or

two of them were in operation. We
had no force of employes beyond a few

connected with the New York office
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of the company, and but little prepara-

tion had been made for the develop-

ment of the business. Such was the

condition of the isolated business when
the company was formed.

'

' One of the first things done by the

company after its business had been
systematised, was to take up the sub-

ject of procuring additional dynamos
besides the ' Z ' dynamos, and also

suitable engines. At a meeting of the

board of directors, held January 26,

1882, the subject of additional sizes of

dynamos was discussed, and arrange-

ments were made with Mr. Edison for

the construction of experimental dyna-

mos of additional sizes. The result

was the production of two commercial
dynamos in addition to the ' Z ' dyna-
mo, one being known as the 'L,' or

150-light dynamo, and the other as the
' K,' or 250-light dynamo. Arrange-
ments are now being made for the con-

struction of a still larger dynamo for

isolated lighting, probably one of 350
lights. Regarding engines, great diffi-

culty was experienced in obtaining an
engine adapted to our especial needs."

To that time—October, 1882—the

company had installed in all 123 plants,

with a total of 21,998 lamps. Among
these were several of considerable size,

and a few small central stations in coun-

try towns like Appleton, Wis. , Shamo-
kin and Sunbury, Pa., Brockton,

Mass., etc., all of which were supplying

current through overhead systems.

Such was the state of the incandescent

lighting industry when the Pearl street

station was about ready for operation.

Fires were built under the boilers for

the first time on June 29 ; the first

dynamo was started July 5, and it was
tested on a bank of 1000 lamps in the

station July 8. Then followed a period

of tests and experiments which kept

Mr. Edison and his assistants busy
day and night, the public press mean-
while being filled with all kinds of wild

rumors in explanation of the delay in

lighting the district.

In examining the prominent features

of this historic plant, we shall find, in

one form or another, the essential ele-

ments of the best modern practice in

central station construction. While it

is true that some of the apparatus was
crude and elementary in form as com-
pared with present types, it amply
demonstrates Mr. Edison's phenome-
nal anticipation of, and provision for,

the broad lines which have made the
Edison system so successful.

The station, as at first projected,

occupied the premises 257 Pearl street

;

255, which was to serve for furture

extension, was temporarily used as a

store room and shops for the under-
ground department. To prepare the

building for the reception of machinery,
a heavy iron structure of girders and
columns, not unlike the elevated rail-

way structure, was set up, the boilers

being below, and the engines and
dynamos resting on the girder platform

above. The steam plant consisted of

four Babcock & Wilcox boilers of 240
horse-power each, with the necessary

equipment of steam pipes, heaters and
feed pumps ; coal and ash conveyers

and a blower for forced draught com-
pleted the equipment and auxiliaries.

The engine equipment, as originally

planned, consisted of six Porter-Allen

engines, 11 1-16 inches by 16 inches,

each of which developed a maximum
of 200 horse-power at 350 revolutions.

The dynamos were of the old ' 'Jumbo '

'

type, one of the first examples of

direct-connected slow-speed units, each

having a capacity of 750 amperes at

120 volts when running at a speed of

350 revolutions per minute.

The conditions imposed upon the

engines were so severe that but few

engine builders dared attack the prob-

lem. High piston speed, close regula-

tion, accurate balancing, limited space

and great strength required to stand

the sudden applications of load, made
the use of the ordinary engine impos-

sible. A number of types of engine

were therefore especially developed for

this work, at least two of which are

still recognised in the market as stand-

ard types of construction.

In the preliminary tests of the en-

gines and dynamos while under load,

unexpected difficulties developed in

connection with the operation of the
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steam dynamos in parallel. There was
a continual tendency to shift the load

from one engine to the other, a see-

sawing of the governors and great

variations of speed, accompanied by
brilliant pyrotechnic effects, that threat-

ened the destruction of both engines

and dynamos—a difficulty partially over-

come by coupling the levers of the gov-
ernors to a common rock shaft. Event-
ually Armington & Sims engines were
developed, which completely solved

this difficulty, and this type replaced

several of the Porter-Allen engines.

The armatures of the '

' Jumbo '

'

dynamos were 27 inches in diameter
and 61 inches long, and each weighed
nearly 10,000 pounds ; the copper
armature bars weighed 590 pounds and
the armature disks 1500 pounds.
Each machine had 12 field magnets,
of which eight were connected to the

upper pole-pieces and four to the

lower ; the copper wire on the magnets
weighed 1500 pounds, and the total

weight of the magnetic circuit was
something over 33,000 pounds. The
base plate weighed 10,300 pounds, the

dynamo 44,800 pounds, the engine

6450 pounds, making the total weight
of the complete unit 61,550 pounds.
The progress made in dynamo con-

struction since these machines—which
were considered marvelous in their

day—were built is shown by compari-
son with a modern slow-speed multi-

polar dynamo, which, ot approximately
the same capacity, weighs only one-

fifth as much, occupies but one-third

the floor space, and has a much higher
efficiency. The "Jumbo" dynamos
heated seriously, and the commutators
sparked viciously under full load, and
it was necessary to use an air blast to

keep the temperature down.
It will doubtless cause surprise to

learn that the Pearl street station was
started and operated for some time
without a single voltmeter or ammeter

;

in fact, the station Switchboard, the
central keyboard from which the mod-
ern station is controlled, was altogether

absent in this case. The dynamo and
distributing switches, field regulators,

etc. , were located without any attempt

at centralisation. The voltage was
maintained with fair approximation
from the indications produced by an
electro-magnet connected across the

circuit, the armature of which carried

a contact lever playing between high

and low contacts, the pull of the mag-
net being balanced against an adjustable

spiral spring. These contacts closed

a relay circuit having a red and a blue

lamp, the red lamp lighting when in-

creased voltage gave the pull of the

magnet the ascendancy, and the blue

lamp when the voltage dropped so as

to give the spring the advantage.

This apparatus was carefully graduated
and adjusted by comparison with the

electro-motive force of a standard bat-

tery.

The station "bus" bars were built

up of the half-round copper bars of the

Edison two-wire tubes, and the main
dynamo switches—ponderous affairs,

as big as hay- cutters—established con-

nection between the dynamos and the

"bus." The "bus" bars extended

to the Pearl street end of the station,

and from this point copper lugs, carry-

ing safety catches, distributed the cur-

rent to the feeders entering the Pearl

street vault. The field regulators for

each dynamo were built up of 40 or 50
large resistance boxes wound with

strands of copper wire. They were so
colossal that the regulators for the six

dynamos, together with the connecting

shaft and gear for operating the switch

quadrants separately or together, took
up nearly the entire floor above the

dynamo room.
The underground system of mains

and feeders—then of the two-wire sys-

tem—had a length of about 18 miles.

The Edison underground tubes for

the two-wire system differed from the

present type in having two conductors
of nearly semi-circular section, instead

of the three copper rods used in the

three-wire system, and were separated

by paraffined cardboard disks, instead

of spirally-wound jute rope before filling

with compound. The coupling joints

of the 20-foot lengths were made of

solid copper loops instead of stranded

cable. At the time of laying the
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underground system, many of the

tubes of large and small conductor

section were bent by a special machine
to the angle necessary to overcome
the obstacles encountered in the streets,

instead of using angle boxes, and many
of the faults that developed in the

early days were due to contacts in

these bends.

In laying out the first district and
determining the number and location

of the feeders, a model of the district

was prepared to scale, small spools,

with resistances proportioned to the

number of lamps, indicating the num-
ber of important installations. Wires,

representing the system of mains, were
drawn along the block faces and con-

nected at the corners, thereby forming

a complete network. The location of

the feeder connections was experiment-

ally determined by actually sending

current into the spools and wires and
locating, by actual measurements with

a galvanometer, the most favourable

points of connection to give an approx-

imately uniform distribution of poten-

tial over the system.

Much of the interior wiring was cleat

work, and I am sorry to say that the
dangerous iron staple was also in evi-

dence. Many of the first installations

were equipped with wire having par-

affined cotton braid insulation, but
nearly all of this wire was replaced be-

fore the current was turned on the

system.

From the beginning, Mr. Edison
considered the meter one of the essen-

tial elements of a system for commer-
cial supply of current for light and
power, and, as soon as the station was
started, arrangements were made to

introduce the Edison chemical meter.

The first bills based on the amount of

current consumed, as shown by the

meter, were rendered after the station

had been in operation a few months.
The Edison lamps in use at that time

were of eight candle-power (two in

series, of 50 volts each), 16 candle-

power and 32 candle-power, with an
efficiency of 4^3 watts per candle. On
October 1, 1882—as stated, the station

was started September 4,—59 cus-

tomers, having an installation of 1284
lamps, were connected ; this number
was increased on January 1, 1883, to

A LATER FORM OF EDISON DIRECT-CONNECTED GENERATOR, ARMINGTON & SIMS ENGINE.
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231 customers, with 3477 lamps con-

nected, and wiring had been installed

for 5328 lamps.

At the time the first lighting district

in New York was canvassed, great

importance was attached to the prob-

able use of current to operate electric

motors, and a map was prepared show-
ing the location and capacity of all

steam and power plants in the district.

It was not until 1884, however, that

motors were connected with the system.

The first arc lamp was connected to

the system in 1889.

Such was the old and historic Pearl

street station and the district it sup-

plied, and such it continued, with
slight additions and changes as ex-

perience was gained, and increased

demand for current suggested im-
provements, until destroyed by fire in

January, 1890.

THE WASHING OF GOLD PLACERS IN SOUTH AMERICA.

Otto F. Pfordte, M. E.

HYDRAULIC NOZZLES.

THE comparative abundance of gold
in placer deposits and cheapness
of working the same in many

localities on the earth have always made
this method of obtaining the precious
metal one of special interest to mankind,
and it may safely be stated that up to

within the last three or four decades by
far the largest proportion of gold was
produced by this method.

It is highly probable that the gold
possessed by King Solomon was ob-

tained from deposits of this character.

It is well known that the fabulous wealth
of the great Inca race,who had attained

a high degree of civilisation in the
Western half of South America before

the conquest by the Spaniards, was ob-

tained entirely from this source. Their
wealth in the precious metal was so

great that the last Inca, Atahualpa,
when imprisoned in Cajamarca by the

conquering Spaniards, could readily

promise as a ransom for his liberty to

fill a room 24 ft. long by 17 ft. wide
with gold to a height of 9 ft., a promise
which was practically fulfilled.

The boundless wealth found by the

Spaniards in Cusco, Pachacamac, Jauja
and other places all proved the exist-

ence of enormous gold deposits in the

newly discovered country, which were
subsequently worked, but by no means
entirely exhausted, by the conquerors.

The great discoveries of gold in the,

United States during the middle of the

present century also owed their prime
importance to the fact that they were
gravel deposits,which permitted the ex-

traction of gold with comparatively sim-

ple methods.
Placer deposits may be described

generally as mountains or gravel banks,

varying from 5 or 10 ft. to 250 or even
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400 and 500 ft. in height. They con-

sist of grains of sand, pebbles ofvarious

sizes and large boulders, the presence
of the latter, however, adding consider-

ably to the difficulty in working a de-

posit. Sometimes, as found in certain

localities in California, the gravel de-

posit is covered with a layer of volcanic

rock or lava, in which case drift mining
must be resorted to, and most of the

advantages of placer mining are lost.

In most instances the gold is found in

a certain class or strata of gravel which
are generally distinct from the barren

overlying sections, and can readily be
distinguished by the experienced miner.

The famous gold-bearing blue gravel of

California is a good example of this

characteristic condition. The gravel

banks are sometimes traversed by bar-

ren strata of loam or clay; and, again,

it is not uncommon to find parts of the

gravel which are considerably enriched.

This latter condition is more particularly

found near the bedrock where the small

gold nuggets enter into the cracks and
crevices and often form a welcome
bonanza to the miner.

The gold which occurs disseminated

through the auriferous sections of a

gravel bank varies from small particles,

called " colours," of almost microscopic

size, to large nuggets weighing several

ounces and even pounds, not to men-
tion those historic nuggets which
weighed over 100 pounds, and in them-
selves brought fortunes to their owners.

The value of gravel in the United States

is estimated at so many cents per cubic

yard Thus a gravel deposit producing
six cents per cubic yard is considered

fairly profitable when operated on a

very large scale
;

gravel giving from
twelve to fifteen cents per cubic yard is

operated at a good profit with a fair

water supply. Sometimes, but rarely,

the gravel is worth fifty cents, a dollar,

or more per cubic yard, and in such
cases a good location means a fortune

to the lucky miner.

The special character of the grains of

gold in one deposit is often quite dis-

tinct from that found in another loca-

tion. In most cases the difference is in

the general shape, some being flat and

thin, others rounded off, others irregu-

lar and curly. In some cases the outer
colouring, taken from the gravel, shows
a distinction, and thus an experienced
miner is able to state with considerable

accuracy from which placer a certain

sample of gold came.
The placer deposits of greatest ex-

tent are not infrequently found at or

near the foothills of large mountain
ranges, as the Rocky mountains in

California, the eastern slope of the

Andes mountains in Peru, pre-emi-

nently in Sandia and Caravaya, or the

western slope of the Andes, as in

Ecuador, generally varying in altitude

from 3000 to 9000 ft. above sea level.

There are, however, numerous instances

in which profitable placer deposits,

though of smaller extent, are located in

high plateaux or valleys between the

mountain ranges, at a height of from

14,000 to 17,000 ft. above the sea.

Though all of the large placer de-

posits may be considered as being in

their original position, many of the

smaller deposits, especially along the

river banks, are not in their original

location, and may then properly be
called secondary placers. These are also

formed occasionally by the sudden ac-

tion of a large quantity of water upon a

gravel bank, which may be caused by
an earthquake, the sudden overflowing

of a lake by the bursting of its natural

dam, or the breaking up of an ice gorge.

These secondary deposits are generally

low, varying from only a few feet to

perhaps 20 or 30 feet in height, and
occasionally cover a large area of the

valleys in which they are found. The
river diggings are, of course, generally

small, and in most cases limited by
the immediate neighbourhood of the

rivers.

The methods of working gold depos-

its differ very much according to the

intelligence and means of the operators,

the general location of the deposit and
its water supply, and the available

dumping ground for the washed gravel,

called debris. An ideal gold deposit is

one ofconsiderable extent, containing the

precious metal in paying quantities, with-

out very large boulders, withanunlim-
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ited water supply at high pressure near

the deposit, and facilities for disposing

of the debris, either by dumping into a

neighbouring valley or a rapidly-flowing

river.

It is, however, extremely rare that

all these favourable conditions are ful-

filled in one place, and those lacking

will have to be provided, often at a

heavy expense, when operations are to

be undertaken on a large scale.

When, on the contrary, work is to be

done on a small scale, especially by
the methods generally pursued by the

Indians in South America, then the

necessary conditions, though still the

same, are reduced in proportion, and
can be provided with far greateV facility.

The simplest apparatus used by the

natives is the wooden gold pan, or

batea, which holds about twenty
pounds of gravel, and is taken to the

nearest water pool or brook. The
larger pebbles are carefully washed and
thrown out by hand, and then, by a

peculiar swinging motion, the remain-

ing sand and gravel are washed off,

the soiled or lost water being occasion-

ally replaced by a fresh supply, until

finally the " colours" of gold remain,

accompanied by a small amount of

other heavy material contained in the

gravel, generally oxides or sulphides

of the heavier metals. This mixture is

then placed in a separate vessel until

the final clean-up at the end of the

day's work is made. Sometimes a lit-

tle mercury is added to prevent the
loss of minute '

' colours.
'

' This process
is necessarily very slow, and only a
very skillful operator is able to wash
from 200 to 250 bateas per day.

Another crude, but much better,

method consists in dividing a small

shallow box into several partitions, fill-

ing the latter with fine roots or moss,
and allowing water from a small brook
or ditch to flow over them. By dis-

charging the auriferous gravel just

above the box, the sand and pebbles
will be washed over by the water, and
the particles of gold, becoming entan-

gled in the roots, remain. The roots

are then washed in the batea at the end
of the work.
Another method is by means of the

cochada, taking its name from cocha, a
lake. It consists of a small water reser-
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A PROFITABLE GRAVEL BANK.

voir having a sluice gate near its bot-

tom. ^.The reservoir is filled gradually
by a small brook, and when full the

gate is opened, the water passing over
and washing the gravel, which has pre-

viously been placed in a paved sluice

below. This method is generally em-
ployed in secondary placers, where the

surface is almost level except at the

low face of the gravel bank.
A method employed in river wash-

ings consists in placing numerous flat

stones edgewise, obliquely down the

stream, often covering many hundred
square feet. When the river rises during
the rainy season, the waters sweep over
this pavement with the sand and gold,

depositing the latter behind the stones.

At low water the Indians come to these

places, remove the stones and wash the

gravel in the batea.

After the conquest of South America
the Spaniards operated those enormous
deposits by more civilised but still

crude methods. They cut long sluices

and tunnels in the rock, either to carry

water or remove the debris. For a

similar purpose, broad, well-paved

ditches were built, and at many places

the condition of these sluices and ditches

is still such that a good idea may be

5-i

obtained of the general skill which was
shown by the men who washed down
those gigantic gravel deposits several

centuries ago and filled the coffers of

Spain with fabulous wealth.

The more modern, and especially

American, methods of washing gold,

consisting essentially of the long torn,

riffle-box and cradle, are too well

known to need another description.

The Indian, wooden batea has been im-

proved to the sheet-iron California

gold pan, and, finally, on a smaller

scale, by the vanning plaque, though
the latter finds a more prominent use

in the testing of concentrating ores.

The greatest improvement in mod-
ern gold washing has been made by the

invention of the "giant" nozzle, so

extensively used in California, which
enables the miner to profitably wash
gravel containing not more than six

cents per cubic yard. This method of

operation has thus far found but a very

limited introduction in South America,

where the ancient methods, above
noted, are still in prominent use,

the " Playa de Oro " mine in Ecuador
being a prominent exception. In this

mine the most approved modern meth-
ods are in use. There is no doubt that
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WASHING A GRAVEL BANK WITH " GIANT" NOZZLES.

many millions still remain in those moun-
tains to reward the enterprising man who
is willing to provide an adequate water
supply to extract them.

In Peru the placer mines are gener-

ally located on the eastern foothills of

the Andes mountains, most prominently
in the provinces of Sandia and Cara-

vaya, located northeast of Lake Titi-

caca. Some of the smaller placers are

found in the mountains, but almost

always on the eastern watershed. The
original extent of the placers in the

foothills must have been enormous,
though in many portions they have
been washed away by the old Span-
iards, 200 or 300 years ago.

At present, the remains of these

mountains still reach a height of from
100 to 400 and 500 feet. The summits
are sharp ridges, giving scant foothold,

with precipitous gorges on either side.

But in other places more compact de-

posits have been left, owing, either to

their having been considered too poor
to work at that time, or to the difficulty

of providing a water supply. These
deposits contain from 10 to 20 cents

per cubic yard and in some instances

even more was noted, sometimes reach-

ing a dollar or more in favourable loca-

tions.

All of the hills are covered with a

very luxuriant growth of tropical vege-

tation which would have to be removed
before any mining operations can "be

commenced. In most cases the facilities

for disposing of the debris are excellent.

The principal difficulty to be overcome
is the water supply which is mainly
down in the valleys, though in some
instances small stagnant lakes or little

water rills are found near the summit.
These, of course, are swelled consider-

ably during the rainy season which lasts

about five months each year.

The deposits are not in one continu-

ous stratum, but in sections, scattered

over a large tract of territory, though
each deposit in itself must have been of

great extent originally. The principal

river of this region is the Pacchani,

from 100 to 200 feet wide, which is fed

from numerous smaller tributaries, en-

tering it mainly from its west side.

In the tropical regions the deposits

are now mainly worked by the natives

intermittently in a small way, there be-

ing but few locations where work is be-

ing done throughout the entire year.
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In these latter cases a more energetic

miner has located, and systematic,

though crude, methods are being pur-

sued.

In one of the locations of Sandia, near
the village of Poto, at an altitude of

about 16,000 feet above sea level, there

is a large gravel bank which has a fair

water supply from a small lake that is

fed by the snow from the mountain, and
also an artificial dam, built across the
mouth of a good sized watershed. The

animals. Fuel for culinary and heating
purposes consists of the dried dung of
llamas and cattle, which, though not
very inviting, serves its purpose excel-

lently.

On the eastern slope, villages are lo-

cated on the main roads, generally at

an altitude between 7000 and 12,000
feet. The buildings are fairly con-

structed of stone and a crude mortar,

and are provided with thatched roofs,

the long straw which grows abundantly

ANOTHER VIEW ALONG THE PLAYA DE ORO PIPE LINE.

workings have been provided with two
small '

' giants,
'

' drawing water from a
penstock located about 250 to 300 feet

higher. The gravel is washed into

deep, paved sluices by the "giants,"
and from time to time a small reservoir,

perhaps 15 to 20 feet above the sluice,

is opened and the debris is washed
down to the dump. Frequently, the

enriched gravel between the paving
stones is removed and washed in the

batea.

The climate in these regions is very
severe and cold. All necessaries of life,

building wood and mining tools must
be brought from a distance by freight

in this section being used for that pur-

pose. The furniture, as a rule, is of

the very simplest character. The cli-

mate is delightful, except that during

the wet season travel is impeded con-

siderably, and generally avoided if pos-

sible.

Another great gold placer region is

located at the foothills on the western

slope of the Andes mountains in the

province of Esmeraldas in the north-

western part of Ecuador, about 40 miles

from the coast, and about one degree

north of the equator. These deposits

are reached by water from Panama by
a small steamer which travels for one
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day along the coast and through the

passages between the numerous islands

near the mouth of the Santiago river.

Then passage is taken in canoes for the

next two days up the Santiago river,

which has numerous rapids, necessitating

slow traveling.

These placer gold fields, though
known to the old Peruvians and sub-

sequently to the Spaniards, were very

little known to the present generation,

except during the past few years when
attention was again turned to them.

The extent of the deposits is very great,

and, with a number of small interrup-

tions, are scattered over an area ex-

ceeding ioo square miles and possibly

reaching 200 square miles. The banks
of the auriferous gravel vary from 10 to

100 feet in height, and are claimed to

assay as high as 20 cents per cubic yard
in many places, while in exceptional

positions several dollars have been
produced per cubic yard, especially

where the bedrock was favourable.

The region is traversed by several

small streams and their tributaries,

which, if intersected and led into a suit-

able reservoir at a higher level, may
serve as a supply for washing the gravel.

An abundant source of water supply is

located at a distance of several miles

from the deposits, but it will require

considerable engineering skill and ex-

penditure of money before this can be
made available. Some of the small

streams, where favourably located, may
be used for removing the debris either

entirely or partially.

The total rainfall in this region is very
great, exceeding perhaps an average of

half an inch for each day in the year.

During the wet season, when all the

rivers and brooks carry a larger quan-
tity than usual, the general conditions

for working the places are, of course,

more favourable than when the water
supply is lower.

These gravel deposits are owned by
six companies, the members of which
are mainly Americans,—a fact that

would indicate ample enterprise for fu-

ture developments, to continue the work
which has been done during the past

five years, when about $1,000,000 were

expended for prospecting and develop-
ing. The most prominent company is

the " Playa de Oro," which spent

about $600,000 on its plant and great
pipe line. The latter can carry about
five times the amount of water which it

receives at present, thus saving the ex-

pense of reconstruction or addition

when a greater source of supply be-

comes available. This company has
already obtained about 900 ounces of
gold, resulting from its preliminary

work and the opening up of the mines.

The " Cachavi," Uimbi," and "The
Ecuador Gold Mining Co.," are also

expending money on their respective

properties for the purpose of surveying,

prospecting and installation of plants,

and therefore have not yet received any
returns. Their course will shortly be
followed by the '

' Lower Angostura '

'

and " Esmeraldas Gold Mining Com-
pany," who have not yet begun opera-

tions.

Tropical forests cover a part of these

places, and will have to be removed,
but as the woods are partly valuable in

the arts they may possibly be disposed

of at no small profit, while the other

wood could be used in the construction

and improvement of the plant.

Like many of the great California

deposits, these placers probably were
the bed of a great river and there ap-

pear to be two distinct beds or benches,

the upper of which was the older, the

lower one having been formed by the

subsequent deepening of the river.

The Andes mountains were then up-
lifted and the waters, flowing to the sea

in a new channel, intersected the old

river beds, forming great canons and
leaving the sides exposed. At many
places this peculiarity makes it a com-
paratively easy matter to prospect these

vast deposits. In some cases the canons
are 300 feet in depth, and the small

streams forming them enter into the

Santiago river which is from 400 to 500
feet wide and from 20 to 30 feet deep,

with numerous rapids and, therefore,

able to carry off a large quantity of

debris or washed gravel.

In many places along the banks small

cuts or prospect holes were made by the
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Indians and negroes, who washed gold
in a small way. These cuts are readily

utilised by the more intelligent pros-

pector to determine the value of the

deposit. Occasionally the miners find

gold implements, such as fishhooks,

nails, images and ornaments which
would prove that these deposits were
known to the old Inca race and were
worked by them. About one hundred
ancient tunnels driven close to bedrock
have also been discovered which still

further confirm this view.

While engineers and expert miners
in these regions are Americans, the

common labour is performed by the na-

tive Indians, descendants of original

inhabitants of the land, though consid-

erably mixed with white and negro
blood. They are a very peaceable,

though not very industrious, race.

Both characteristics may be attributed

to the climate, few necessities and com-
parative ease with which a livelihood is

gained. These Indians dwell in villages

located in the temperate mountain re-

gions, and are always glad to find oc-

cupation in the mines when not em-
ployed on their own little farms. Their

wages average about 60 cents per day.
In order to induce foreign capital and
intellect to develop the mines in Ecua-
dor, that country has passed laws ex-

empting mining property and products
from taxation for a period of twenty-
five years and in case an attempt should
be made to alter these laws to the dis-

advantage of American citizens the

United States would, of course, protect

the property and lives of its citizens in

the manner usually adopted in South
American countries. The government
of Ecuador has shown itself very friend-

ly to these mining enterprises. It is

building a telegraph line at the mines,

and is willing to make a port of entry

at the mouth of the Santiago river to

facilitate shipments.

From all this it will be seen that the

day is probably not far distant, when a

part of the prodigious wealth which still

remains in these South American moun-
tains will be brought forth to reward the

energetic engineer and enterprising

capitalist who will replace antiquated

mining methods by the highest grades

of skill and perfection which modern
science can supply.

FRANCIS HENRY RICHARDS.

ONE ofthe most interesting classes

of men of the present time is

the professional inventor, and
of this class Francis Henry Richards,
of whom an excellent portrait is given
in this number, is an admirable repre-

sentative.

Descended from a race of American
farmer-mechanics, he exemplifies in a

marked degree that self-reliant spirit of

the early American pioneers, who never
hesitated to attempt what needed to be
done. What better training-school

ever existed than the old-time New
England homestead, with its ample
fields and buildings and " shop," where
the husbandman and his boys worked
the farm together in the summer, and
in the winter carried on the manufact-

ure of all that the farm and home
required ? Carpenter, blacksmith, shoe-

maker, millwright, weaver, all in one,

those farmer-mechanics were most
worthy progenitors of the modern
engineer, who, with the accumulated
facilities of centuries of freedom, is so

rapidly remoulding the life and destiny

of the race.

Mr. Richards' inventive genius was,

in a large part, inherited from his an-

cestors, who taught and practised the

theory that a farmer should always be

able to make his own tools. At the

early age of fifteen he began building

machinery of his own invention, and
has been actively engaged in the devel-

opment of mechanical industries since

that time. Beginning his career in the
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factories of the Stanley Rule and Level
Company, at New Britain, Conn.,
under the tutorship of his father, Mr.
Henry Richards, an ingenious mechanic
and inventor, by systematic study and
application extending over a period of

eight years, he acquired a practical

and theoretical knowledge of the ma-
chine-building trades, including wood-
working, forging, and the allied

branches. Mr. Richards has made
many and frequent tours for the critical

observation of machinery and manufact-
ures, made a thorough study of patent

law, and brought out numerous inven-

tions of labour-saving machines, the

majority of which, with his added im-
provements, are now in successful oper-

ation.

The indexes of the U. S. Patent Office

show that, up to the present writing,

343 patents on his own inventions have
been issued to him, thus ranking him
third in the list of American patentees.

In addition to these, he has invented a

great many valuable machines and de-

vices for which he never applied for a pat-

ent. Among his invention may be men-
tioned an envelope machine, which
prints, folds, gums, counts and bands,
automatically, 80,000 letter envelopes
per day, greatly exceeding any other ma-
chine in its capacity and in its economy
in the consumption of paper.

Among his more noteworthy recent

inventions is a new automatic weighing
machine, which is rapidly coming into

general use for a wide range of pur-

poses. This machine is of the single-

bucket class, very sensitive in action

and rapid in operation. An important
feature is the system of interlocking

safety-stops, modeled upon the well-

known block signal system, by which
the operation of the valve and bucket
mechanisms is made positive and reliable

under all conditions, thereby attaining

an object not previously reached in this

class of weighing machinery. This
machine is used for weighing and regis-

tering all kinds of granular materials.

Mr. Richards, also, in 1873, invented
and patented the fundamental features

of the air-cushion door-springs that

have since come into such general use.

He has been among the foremost in

developing manufacturing enterprises

based upon patents, and, during his

connection with manufacturing, has
worked in all capacities, from appren-

tice to supervising engineer and pro-

prietor.

In his business career he ranks
among the ablest, and is recognised as

one of the most reliable mechanical
engineers of the day. He has been
unusually successful in his business,

which consists in developing and
patenting mechanical improvements
and inventions, and he is consulting

engineer and adviser for several of the

most prominent manufacturers of the

United States. In recent years, espe-

cially during the last decade, there

have developed from the ranks of in-

ventors, and chiefly from those en-

gaged in engineering work, a few
recognised leaders, who have reduced
to a science, so to speak, the making
of inventions, and it is to this class, by
reason of his many years of work in

this special field, as well as the success-

ful results of that work, that Mr.
Richards properly belongs—the pro-

fessional mechanical inventor, whose
genius and training are placed at the

disposal of the manufacturer who needs
an invention, and of the inventor who
requires expert counsel and assistance.

The systematic control of the powers
of nature—a control which can be ob-

tained only by the systematic meth-
ods of the trained engineer, aided by
the native ingenuity of the inventor

—

is adding to the wealth of the world
in a proportion which, ever increasing,

already exceeds all other sources com-
bined. In the prosecution of his busi-

ness, Mr. Richards conducts, at Hart-

ford, Conn. , extensive engineering and
patent offices, employing a large corps

of assistants, and equipped with

ample facilities for this peculiar line

of work. As a solicitor of patents and
expert in patent cases, he has made it

his successful aim to attain the highest

position.

Mr. Richards has been a member
of the American Society of Mechanical
Engineers since its organisation in
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1 88 1. He is also a member of the

Civil Engineers' Club of Cleveland, O.,

the Engineers' Club of New York city,

and of the American Association of In-

ventors and Manufacturers. Person-

ally, Mr. Richards is one of the most
unassuming of men, but has a cordiality

to those with whom he is associated

that ranks him as a man of strong
character.

©xxrrjetxt Qopxts.

One very excellent reason why gov-
ernment contracts in England, at least

those pertaining to naval construction,

are not popular with, nor specially

sought after by, some of the foremost
engineering firms of that country, has

been furnished by the experience which
Messrs. Yarrow & Co., the well-known
torpedo-boat builders, have more re-

cently gone through with the British

Admiralty, and which is about as unique
as it is condemnable. Messrs. Yarrow
& Co. , as is pretty generally known,
were the first, several years ago, to

turn out vessels of the torpedo-boat
destroyer type. The success attained

by these was remarkable at the time,

and more recently, therefore, it was
determined by the Admiralty to order
a large number of them, of the latest

and still further improved design,

and to extend the orders for them
to builders of larger vessels in the north-

ern shipbuilding districts, who, it is

admitted, did not then have much
experience with craft of this kind. In-

stead, however, of inviting these newer
firms to submit designs of their own,
the Admiralty, with, no doubt, laudable

intentions so far as the good of the

department and of the country was con-

cerned, but with entirely unwarrantable
freedom with someone else's property,

proceeded to have Messrs. Yarrow's
drawings—which had been confiden-

tially submitted—traced and distributed

among these other establishments.

It is not to be wondered at that Messrs.

Yarrow have most emphatically pro-

tested against this strange proceeding,

which may well put other builders of

original machinery on their guard when
dealing with the government. Had
the latter acquired property rights in

the drawings, there might have been

no question as to its privilege to make
any use of them that it thought proper.

As it is, however, the Admiralty used
documents confidingly submitted to
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them as though they were their own.
Certainly, no argument seems neces-

sary in this case to convict them of

having been guilty of a practice which
every right-thinking contractor will

condemn, even though he may have
profited by it. What the Admiralty
has done in this instance appears to be
but a sample of other similar methods
followed by it for years, less seriously

aggravating, perhaps, but none the less

unworthy of a great government. The
result is already apparent by the prefer-

ence which is shown by some of the

prominent English contractors for the

work of other governments, and this

preference may be expected to increase

largely if the universal distribution sys-

tem of" one contractor's drawings among
his competitors is to be followed in

future.

The present revival of interest in the

metric system recalls the one point in

that system which, so far as yet appears,

has failed to meet the requirements of

machine shop practice, i. <?., its non-
adaptability to a convenient system of

screw threads. Numerous attempts

to devise metrical screw thread systems
have been made, but no one of these

has thus far met with sufficient approval

to secure general adoption. It has

well been remarked that it is very much
easier to adopt a new system than it is

to throw away an old one, and hence
each attempt to improve the metrical

screw thread systems has simply resulted

in the addition of one more to the exist-

ing list, without superseding any of the

preceding ones. Thus, there are in

France the systems of the French navy,

of the Chemin de Fer du Nord, of the

Paris-Lyons-Mediterranee Railroad,

and those of Armengaud and of Cail.

In Switzerland there are the systems
of Reishauer and Bluntschli, and of

Bodmer ; in Alsace-Lorraine, the two
systems of Ducommun and that of the
Engineering Society of Mulhouse; while

in Germany there is the system of the

Pfalz-Saarbruck Society, that of Red-
tenbacher and the two systems of De-
lisle, the latter one of which has also

been adopted by the Society of German
Engineers. There are, thus, no fewer

than fourteen different metrical screw
thread systems, no two of which will

interchange. The difficulty appears to

consist in the fact that the decimal sub-

divisions or multiples of the millimeter

do not give sizes which conform to the

mechanical requirements of strength,

wearing capacity, and convenience of

angle, while the introduction of other

than decimal fractions at once takes

any system out of the pale of metric

orthodoxy.

A few months ago the writer paid a

visit to the great steam engine works
of Gebrueder Sulzer, at Winterthur, in

Switzerland, and knowing that this

establishment ranked as one of the very
finest machine shops on the European
Continent, he had the curiosity to

inquire as to the system there used.

He found, to his surprise, that the

English Whitworth system was used
exclusively for all bolts, nuts and screw
threads, the dimensions being made in

inches and parts thereof, and Whit-
worth's gauges were used. This, of

course, is the case only with screw
threads, all other dimensions of the

engines being taken in the metric sys-

tem. Mr. Carl Sulzer, from whom this

information was obtained, said that in

the present confused state of the metric

screw thread systems they considered

it inadvisable to adopt any of them.
The choice of the Whitworth rather

than the American system was not due
to any especial preference for the former

over the latter, but only to the greater

convenience of procuring taps, dies

and gauges from England rather than

from America.

Referring to the high reputation

of Messrs. Sulzer, and the opinion

expressed by several foreign engineers

ofhigh repute as to their standing as one
of the best equipped firms in Europe,
it was most interesting to observe, in

the course of a careful tour of inspec-

tion, that a large proportion of the
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tools used were of American make.
Lathes, shapers, milling and grinding

machines, everywhere bore the familiar

names of representative American firms;

and even when the names were foreign,

the designs were American. This is

not surprising when we know that one

of the younger members of the firm

passed several years in the leading

American shops, and that in the library

of the handsomely equipped offices the

shelves are filled with neatly bound
files of the principal American tech-

nical journals. The products of the

works and their notable performances

are too well known to need comment
here. It is sufficient to say that a

critical inspection of work in progress

showed such admirable castings, care-

ful fitting, and painstaking supervision,

as to warrant most fully the right of

this great establishment to its reputa-

tion as one of the leading machine
shops on the Continent.

One of the several interesting feat-

ures of the steam boat The New Yorker
which, with others, is illustrated in the

article on "Fire- Boats" elsewhere in

this issue, is to be found in what is

known as the Kunstadter steering

screw, first brought into prominence
about twelve years ago at which time

it was tried with quite satisfactory re-

sults on a number of vessels, both in

the United States and in Europe.
Since then, however, comparatively

little has been heard of the device, not-

withstanding its admitted excellencies

in some respects. While the sectional

view of The New Yorker, on page 40,

will help to give a fairly good idea of

the nature of the arrangement, it has

been thought well to present a still

clearer view in the little sketch above.

It will be noticed that the steering screw,

or after screw, shaft is carried through
the rudder and is connected with the

main propeller shaft by a universal

joint, so that it may be turned with the

rudder, either to port or starboard, up
to an angle of 45 degrees and thus add
its influence to that of the rudder in

turning the vessel. One immediate
result is that the rudder may be made
much smaller than would ordinarily be
the case without detracting from the

manoeuvring capacity of the vessel,

and with the usual proportions of rud-

der and screw, relatively to size of hull,

the steering screw would cause a vessel,

so it has been claimed, to make a com-
plete circle, for example, in half the

diameter required with the rudder

alone. Despite this manoeuvring su-

THE KUNSTADTER STEERING SCREW.

periority, however, the Kunstadter
apparatus does not seem to have gained

much favour in the past dozen years,

due probably to the fact that it may
not lend itself satisfactorily to use on
large vessels because of constructive

difficulties, and because also on small

craft its advantages are not so marked,
comparatively speaking, nor of such

great importance as to make it particu-

larly worth having, except in special

The advantages and disadvantages

arising from the substitution of ribbed

glass for plain glass in factory windows
were recently investigated for the Bos-
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ton Manufacturers' Mutual Fire Insur-

ance Company, by Mr. Charles L.

Norton, of the Massachusetts Institute

of Technology, and the results have
been published in one of the company's
characteristic circulars. Mr. Norton,

to begin with, points out that, in both
fair and cloudy weather, the general

resultant direction of light entering

through a window having ordinary

glass is downward at an angle of about

40 or 50 degrees. The brightest por-

tion of the room is, therefore, the floor

in front of the window. As a floor is

not, as a rule, a good reflecting sur-

face, a large amount of light is absorbed
there and lost. Whatever light is

reflected goes upward and backward
toward the ceiling, and what light falls

on the wall spaces between the windows
must, therefore, be mainly light which
is diffusely reflected from the floor and
objects upon it. Early in the morning
and toward evening the angle of the

incident light with the horizontal is

less, and the light, therefore, penetrates

further into the room, but the wall

spaces between windows gain but little

by this greater obliquity. If panes of

ribbed glass be substituted for the plain

glass, the bright spot on the floor in

front of the window disappears, and the

entire floor, walls and ceiling appear
of sensibly the same brilliancy. The
action of the ribbed glass appears to be
prismatic, the greater part of the light

falling on the ribbed glass at any point

being refracted and spread out into a
fan-shaped beam lying in a plane nearly

perpendicular to the plane of the glass

and to the direction of the ribs. This
being recognised as the probable action,

photometric measurements of the inten-

sity were made at a distance of eight

feet back of the glass in a horizontal

plane, at five angles in this plane.

Two panes of glass whose relative

merits were to be compared were set,

one above the other, in a large window
having a southerly exposure. On the
inside, with the panes for centres, were
built two rooms, semicircular in plan,

and each about three feet high and
eight feet radius. Outside the rooms
was a photometer room entirely enclos-

ing both. The panes were 18 inches

square. At corresponding points in

the two rooms holes were cut in the

side walls, and disks of semi-transparent

membrane, ground glass or paper were
placed over the holes. One hole was
directly opposite the pane, and the

others were at 30 and 60 degrees to

the right and left. The holes in the

lower room were directly under those

in the upper room, and by means of a

system of mirrors any two correspond-
ing disks could be viewed side by side.

If one disk was brighter than the other,

the corresponding pane was obscured
by a shutter sliding across it until the

disks appeared equally bright. The
amount of light falling upon the two
disks now being the same, the amount
transmitted per unit of area of the glass

is inversely as the area exposed.

It must be distinctly understood that

this does not give the amount of light

actually passing through the glass, but

simply the amount which passes through
in such a manner as to be available at

the disks. Thus, if half of the ribbed

glass pane has to be obscured in order

to equally illuminate two corresponding
disks, the ribbed glass is transmitting

to the disk twice as much light per
square inch as is the plain glass, and,

hence, of two equal windows, the

ribbed glass window would give to

objects situated in the general direction

now occupied by the disk twice as much
light as the plain glass window. It

was found that the effect of having the

ribs horizontal was to give an increase

of light at the middle hole, and a less

increase at the sides, whereas the verti-

cal ribs gave a greater increase at the

sides and a less increase at the middle.

The horizontal ribs tend to throw the

light which would otherwise fall to the

floor straight ahead far into the room,
while the vertical ribs spread out the

light on both sides. It is, however,

useless to discuss the measurements ot
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the distribution with horizontal ribs, as

the brilliancy of the glass itself is then

so great as to be unbearable, rendering

its use in this position out of the ques-

tion, for most purposes. The diffusion

of heat was much the same as the diffu-

sion of light. There was no spot where
the heat rays from outside streamed
directly in when ribbed glass was used,

and objects near the window were
cooler than when plain glass was used,

by from 4 to 15 degrees Fahrenheit.

However, the ribbed glass itself is

hotter than the plain glass, and the

temperature of the air in the two cases

was not sensibly different.

The windows of several large fac-

tories have thus far been fitted up with

ribbed glass, and the effect in each case

has proved startling, each room giving

the impression of almost unimpaired
daylight. No window-shades are re-

quired, and the results have proved
wholly satisfactory. In two instances,

rooms in factories which are over-

shadowed by neighbouring buildings are

now being fitted with this glass, and it

has been remarked that the relative

increase in the effectivenes of light is

much greater where the light is derived

indirectly than where it is derived

directly from the sun to which the win-

dows are exposed. It has been sug-

gested that manufacturers might test

this matter at very small expense,

selecting one or more windows in espe-

cially dark places for the purpose of

observing the effect. A very large

new establishment near Boston is now
being glazed in this way. The effect

is already manifest from a partial appli-

cation of the theory. The working
men and women in this establishment

are of a very high type; hence, the

foreman reasoned that objection might
be taken to the complete closing of the

outlook from the factory by the use
of this glass throughout the window.
The windows in this factory are of the

ordinary lifting type ; therefore, the

lower panes have been glazed with

plain or clear glass, while all the rest

of the window is glazed with the ribbed
glass. The effect of this is said to be
entirely satisfactory and very pleasant.

It is most interesting to compare the
different methods by means of which
the highest grade of mechanical perfec-

tion is attained in various countries.

Notwithstanding the high character of
American watches, for example, the

finest Swiss watches still maintain their

great reputation. The Swiss workman
receives the parts from the manufacturer
in the rough, takes them to his home,
puts his best individual skill into the

finishing and assembling, and brings

the completed watches to his employer.
The latter inspects the work and out
of a batch of, say, fifty watches he
selects five or six as worthy of his own
attention, and puts the others into the

regular trade under some general trade

name. The selected watches he read-

justs, working over them for days,

weeks and months before he considers

them worthy to bear his own name,
and it is these watches which go to

those who not only have the money to

buy, but also the patience to wait.

A prominent firm of American
jewelers, chafing under the inconveni-

ences of this old-world method of doing
things, sought to introduce American
methods and see if the highest grade
of Swiss watches could not be made
more methodically. A factory was
built, enticing rates of wages were
offered to the most skillful workman,
and the experiment was tried. But,

alas! The Swiss workman soon found

that no regular wages could pay him
for his loss of liberty. To be on hand
when the whistle blew in the morning,

to have his stated hour for dinner and
his fixed hour for quitting at night

—

these restrictions he could not long

stand. Formerly he had worked when
he felt like it and stopped when it

pleased him, and when he was paid for

one job he took his own time to begin
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the next, generally waiting until his

funds ran low. The factory plan did

not work for long, and the idle build-

ing now bears silent testimony to the

Swiss love for independence which is

as much a factor in present life as it

has been in past history.

The fact that much of the work of

the Swiss watchmakers and instrument

makers is done in this primitive man-
ner does not in the least detract from

its high quality, but rather adds to its

perfection by embodying in each article

the individual skill of the workman.
The writer desired to procure one of

the famous Goldschmidt aneroid ba-

rometers, and only after some difficulty

and many inquiries did he succeed in

finding the whereabouts of the maker
at all. At last he was directed to the

quaint street in the old quarter of the

city of Zurich known as the '

' Trittli-

gasse" (the street of the little steps).

There he found a gate in a wall bear-

ing the desired number, but no name
or sign of any description to indicate

what was within. Knocking to obtain

admission, he was finally let into a

garden, over another wall and up a

picturesque set of steps, and ushered

into a little room in which was work
of the finest description. A few men
and boys, a couple of women—this was
the working force; but here were prod-

ucts which surpassed the finest instru-

ments of any he had ever seen—instru-

ments that would have been a credit to

vastly more pretentious establishments.

Each article was shown and handled as

if it had been a personal pet, hardly to

be parted with ; and it was, indeed,

interesting to see how every instrument

was calibrated and tested and recorded

in a manner which could not but prove
that for such work individualism had
its advantages over collectivism. The
articles were indeed '

' manufactured
'

'

in the true etymological sense of the

term, "handmade," and head-made,
too, for that matter; and all this in a little

out-building accessible only after dili-

gent search and many misadventures.

It may be of interest to note that,

the United States navy authorities have
decided to fit the Babcock & Wilcox
boiler to some gunboats recently

ordered, and that this decision was come
to after careful trials in the Zenith City,

one ofthe American lake steamers. The
boilers in that vessel are 106 lb. weight
per indicated horse-power, and 25.57
lb. per square foot of heating surface.

The grate surface on trial was 67 square
feet, the heating surface 2800 square

feet, and 600 square feet in heater.

On a 24 hours' run the power devel-

oped was 1540 indicated horse-power
at 87.5 revolutions, the steam pressure

being 190.75 lb. per square inch. The
coal burned per square foot of grate

was 25.94 lb., the evaporation per
pound of coal 7.05 lb. and the consump-
tion per indicated horse-power 2.256
lb., although in other trials it was a
trifle lower. The moisture in the steam
averaged about three- tenths of 1 per

cent. In a ship exactly similar, but with

multitubular boilers, the weight per indi-

cated horse-power is 175.8 lbs., and 58.7
lbs. per sq. ft. of heating surface; but

the trials in this case were interrupted

by a break-down of the water-meter.

It is interesting at this active time

of horseless carriage building to keep

MURDOCH'S ROAD LOCOMOTIVE, I784.

in view the accomplishments of earlier

years in the same line. No other plea
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is necessary for the appearance on this

page of Murdoch's early road locomo-
tive, mentioned, too, in the article on
horseles carriages in the April number
of this magazine, and with which ex-

periments were made as long ago as

1784. Murdoch first tried the

little engine in his own house,

but, later on, tested it out of

doors, when, small as it was, it

fairly outran the speed of the

inventor. Dr. Smiles, in his
'

' Lives of the Engineers,
'

'

well describes the scene, tell-

ing how, one night after re-

turning from his duties at the

mine at which he was em-
ployed, Murdoch went out

with his model locomotive to

the avenue leading to the

church, about a mile from the

town of Redruth. The walk
was narrow, straight and level.

Having lighted the spirit-lamp

which heated the boiler, steam
was soon raised and off

started the engine with the

inventor after it. Shortly after,

he heard distant shouts of terror, and
when he came up to his machine he found
the vicar, in great fear, thinking that

the hissing, spitting little demon was
no other than the Evil One himself.

What the engine was like becomes
clear from the little sketch itself.

Another contribution to the history

of horseless carriages is given in an
interesting little volume entitled '

' One
and All," published by Messrs. S. W.
Partridge & Co., of London, and which
is an autobiography of Sir Richard
Tangye, of the famous Cornwall Works,
at Birmingham. Sir Richard tells in

this that about 1862 the subject of pro-

viding '

' feeders
'

' in country places for

the main lines of railway came again
into prominence. Branch lines had
been proved to be unremunerative,
from their great cost of construction,

and among other systems proposed was
that of light, high-speed locomotives
for carrying passengers, and traction

engines for the conveyance of heavy
produce and other goods. The Tan-
gye brothers, therefore, determined to

build a locomotive of the former class,

and succeeded in making a very suc-

cessful example, with which they trav-

TANGYE'S ROAD LOCOMOTIVE "CORNUBIA," 1S62.

eled many hundreds of miles. The
firebox was made of copper, and there

were nearly ioo metal tubes in the

boiler, enabling them to get up steam
very quickly. The total weight of the

locomotive was 27 cwt. The machinery
was simple and compact, and the whole
outfit occupied no more space than an
ordinary phaeton. It was capable

of carrying ten persons. The greatest

speed obtained was over twenty miles

an hour, and the engine was easily

managed and under perfect control.

Great interest was manifested at

the time in the Tangye experiment,

and it soon became evident that there

was an opening for a considerable busi-

ness in these engines, but the '

' wis-

dom" of Parliament made it impos-
sible. The squires became alarmed lest

their horses should take fright, and an
act was passed, therefore, providing

that no locomotive should travel at

more than four miles an hour on the
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public roads, and that they should all

be preceded by a man carrying a red

flag. Thus was the trade in quick-

speed road locomotives strangled in its

cradle, while, without doubt, more
horses have been frightened by the red

flag than would have been by the loco-

motives.

Now that so many are working on
petroleum motors for road carriage use,

a few hints regarding the proper man-
ner of making petroleum joints that

will not leak ought to be acceptable.

Every one who has had any experience
in this line is familiar with the annoying
persistency with which petroleum will

come through almost every imaginable
kind of joint, so that many have sup-

posed it to be quite impossible to make
one that would not leak, especially

with the light varieties, such as naphtha
and gasoline when subjected to both
heat and pressure. Mr. Maxim, the

well known inventor, however, recently

said in The Engineer, of London, that

it is no more difficult to make a petro-

leum-proof joint than it is to make
one that will be water proof. To use
his own words, '

' in making up steam
or water joints we naturally employ
something which is insoluble in water.

If an ordinary steam or gas fitter is

asked to make a petroleum-tight con-
nection, he is almost sure to employ
red lead and oil, and for a gasket or

washer, he is equally sure to use india-

rubber, both oil and india-rubber being
quite soluble in petroleum. In my ex-

perience I find that a joint which is

screwed together dry is less apt to leak

petroleum than a joint made up of the

orthodox red lead and oil.

'

' To make a good petroleum joint

with common iron pipes, a very good
system is to heat both the male and
female threads sufficiently to dissipate

every trace of oil. Then make the
joint up with thick shellac varnish,

which may be combined with ordinary
dry vermilion or even Venetian red. A

joint of this kind I have found to stand

well. A very good joint can also be
made with ordinary yellow bar soap
rubbed into the threads of the pipe,

the grease first being removed. Tre-

acle, honey, glue, mucilage, or glycerine

are quite petroleum-proof. For a stuff-

ing- box, ordinary wicking saturated

with common yellow bar soap may be
safely employed. Canvas, saturated

with shellac varnish, makes a good
washer, but soft metallic washers are

better. A very good flexible dia-

phragm for a regulator may be made
ofclosely-woven cotton fabric, varnished

on both sides with a compound of

gelatine and glycerine. About equal

parts by weight make a very tough
and elastic compound. Wooden ves-

sels, bags, etc., may also be made
petroleum-tight by saturating or var-

nishing with this compound. As a

rule, all substances which are soluble

in water are quite insoluble in petro-

leum. For stuffing-boxes for standing
both water and petroleum, castor oil

may be employed, as this peculiar oil

seems quite insoluble in either."

Writing of '

' The Eight-Hour Day '

'

in a recent number of Dixie, J. H.
Allen cites a unique case in the

United States where there was an
actual strike against the reduc-

tion in number of working hours,

though no reduction of pay was in-

volved. '

' There was a saw mill in the

pines of southern Georgia," says Mr.
Allen, " where the hours of labour ran

from dawn till dusk, where unions were
unknown and the feet of the walking
delegate had not trod. A Northern
man was sent down as superintendent,

to whom the ten-hour day, from seven
to six, appeared to be about right, and
he at once proceeded to establish this

new order of things. All went well for

the first two days, but at the end of the

second he was waited upon by all

hands, for whom the spokesman said:

—

' I reck'n you all jess doan know 'bout

dis yer mill. ' Pears to us dar yaint no
sense in gittin up at fo' or five o'clock
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in de mawnin and set'n 'roun till seben

befo' we goes to wuk. An den in de
ebenin' it jess de same way. Now we
all jess ain gwine ter stan' it, dat's all.'

So the old order was resumed, and the

men worked from dawn till dusk, and
the Northern superintendent rose by
the light of the stars in every season."

The story very aptly illustrates the fact

that where there is nothing to occupy
the mind during hours of leisure the

shortening of the day of labour does
not always come as a blessing. It is

this, too, which helps to explain why
country labourers, as a class, will con-

tentedly plod through a day whose
length would be appalling to all but a

few city workers.

Apropos of excessive stokehold

temperatures aboard ships—a subject

much discussed in the last few years

—

it is interesting to note some of the

points mentioned in a recent official

report of the Surgeon- General of the

United States Navy. Concerning the

cruiser Cincinnati, for example, he
says:—"Temperatures are recorded
from 90 deg. to 170 deg. Fah. Tenta-

tive efforts made in November to im-

prove the system, particularly the

blowers in fire rooms, have not suc-

ceeded in ameliorating the heat now
common in those places. I have my-
self recorded fire-room temperatures as

high as 168 deg. Fah. In the engine-

room lower platform the average is

about 102 deg. ; on the upper platform

it frequently reaches 135 deg. By the

present system of forced ventilation for

the engine department very little air

above the rail is taken. Air is mainly
taken through the spar-deck hatches

;

also in part from the after-berth deck,

and from beneath the deck near the

large engine-room hatch. Blowers in

the condenser room force air to the

engine room proper, and those above
the upper platform of the engine room
pass the air to the fire rooms. When
under way, a wind sail sends an addi-

tional supply of fresh outside air to the

condenser room. The supply gotten

above the upper platform in the engine
room, in addition to its warmth, is also

somewhat contaminated by contact with
metal and oily surfaces. The blowers
in the forward fire rooms do not prop-
erly function at present, and are said

to be useless. Their supply is through
broad louvres under the pilot house.

The six fire-room ventilators extending
well above deck houses are 20 inches

in diameter, and it is through them the

fire rooms get their main supply of

fresh air. The condenser-room blow-
ers ventilate the main engine room.
Unless these excessive heat conditions

in the fire rooms, contiguous passages,

and intricate coal bunkers are reme-
died, it cannot be expected that the

men will long endure continuous labour

there. It is physically impossible for

the class of men enlisted for this pur-

pose in our navy to undergo the strain

of these unfortunate conditions.

Though the ship has had as yet no
severe or continuous steaming, the

firemen constantly apply for relief from
symptoms of heat irritation, such as

muscular cramps, disordered heart

action, nausea, head pains, and weak-
ness." No engineer at all familiar with

the conditions aboard a modern high-

class steam vessel will question the

entire correctness of these statements.

They apply, however, not only to the

ships of the United States Navy, but to

those of other countries as well, and
also to many steamers of the merchant
marine. All these vessels afford

good examples for treatment with mod-
ern approved methods of ventilation,

which ought to accomplish much in the

way of improved working conditions.

Pure, fresh air, of uniform tempera-

ture, makes the operating room of the

Chicago Telephone Company about the

most desirable place in which to work in

Chicago. Down in the basement of the

building is a big rotary fan that sucks

in the air which the ordinary citizen is

obliged to breathe. As the current

enters the basement, through a huge
tube, it passes into a tightly closed
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chamber in which an artificial rainstorm

is constantly raging. This is effected

by three rows of small nozzles, or atom-

isers, which discharge a cloud of spray

and remove every particle of dirt from

the air. The dirt passes off into a well,

while the air is whirled through a bat-

tery of spiral tubes. The twisting mo-
tion removes excessive moisture from

the air, and it then passes into another

chamber, where it is heated in the

winter or cooled with ice in the sum-
mer. Then the current is directed

upward through a shaft that leads to

the top floor of the building and into

the operating room. Every window in

this is tightly closed and sealed around
the edges, while double doors make it

necessary for one to enter the room
through what constitutes an air-locked

passage. The supply is forced through
vents opening through the ceiling from
a duct that runs around the room. It

is really compressed air, although its

density is so slight as to be almost
inappreciable. Every three minutes

the air is completely changed, the sup-

ply being calculated at 10,000 cubic feet

a minute. It leaves the room through
outlets fixed in each window, that are

provided with delicately adjusted valves

opening outward. These outlet tubes

take in the air from near the floor, the

current being strong enough to draw a

piece ofpaper through the tube and throw
it outside. As the valves open outward,

there is no chance for the introduction

of foul air from the street. A self-

recording thermometer in the operating

room tells the story of the success of

the system in unmistakable language.

Speaking recently of the needs of a

great technical college, and incidentally

of the fact that very few laymen have
a knowledge or even a conception of

the magnitude of the work of educating

a nation, Dr. Robert H. Thurston said

that there are in the United States, for

example, about 40,000,000 of children

requiring instruction, 20,000,000 who
have, or who will ask, secondary edu-
cation, and at least 100,000 young men
and women capable of and rightly de-

manding the opportunity of securing

higher education. When we are told

that the United States government
has given to the cause of education

150,000,000 acres of public lands, and
that Cornell University alone has sold

over $5,000,000 worth of her endow-
ment, and has still 5000 good farms

left for sale, the States sometimes ex-

pend as much as $25 per capita of

their population, and cities as much as

$35 on their public schools, we get a

better idea of" the extent to which a

people make sacrifices of wealth for the

benefit of the rising generation. Above
$100,000,000 are spent annually by
the American commonwealth on edu-

cation, maintaining 200,000 schools

and their 300,000 teachers, two-thirds

of whom, by the way, are women.
Even greater sums, proportionately,

are spent in some instances by Eu-
ropean States. Prussia spent $4,000,-

000 on its great technical school at

Charlottenburg. Zurich has spent

about $500,000 on its great chemical

and physical laboratories at its
'

' Poly-

technicum." Saxony pays out nearly

$500,000 annually on its university.

The endowments of Harvard University

are between $6,000,000 and $8,000,-

000; those of Johns Hopkins are $4,-

000,000 or $5,000,000, and those ot

Cornell and Columbia fall between
these enormous figures.
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MAKING STEEL FORG1NGS IN AMERICA.

By H. F. J. Porter.

IT
is scarcely twenty years since the

rolling mills of the United States,

following European example, and
after long experimenting and elaborate

preparation, began to change the nature

of their product from iron to steel; but
short as this time is the change has been
complete, and the latter material has

supplanted the former to its absolute

exclusion for rails, tires, etc., and, to

a very great extent, for structural

shapes, plates, bars, and similar ma-
terial.

The beginning of this radical change
began to open the eyes of manufacturers

of machinery generally to the advan-
tages to be obtained by the introduction

into their product of a stronger material

THE FERRIS WHEEL SHAFT —OUTSIDE DIAMETER, 32 INCHES. INSIDE DIAMETER, 16 INCHES.
LENGTH, 45 FEET. WEIGHT, 89,320 LBS.

Copyright, 1S96, by The Cassier Magazine Company. All rights reserved.
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than they had been using, and a de-

mand arose from the trade for steel

forgings of a high grade.

It did not follow, however, in the

early stage of the development of its

manufacture, that steel, as then made,
was universally serviceable for use in

the trades, and above all, that forges

which had been accustomed to handle
nothing but wrought iron, were at once

were able to produce, however, was,
in many cases, not satisfactory, and
after a few disastrous experiences, many
manufacturers returned to wrought iron,

satisfied
'

' to leave,
'

' what they thought,
" well enough, alone."

Thus, for a time, until the situation

was understood, the impression gained
ground among the uninformed that steel

forgings were not to be relied upon.

*

CASTING AN 80-TON ARMOUR PLATE AT THE BETHLEHEM IRON COMPANY S WORKS.

prepared to furnish steel for general

purposes. It must be understood that

iron and steel are different materials and
require widely divergent treatment in

their production.

Such American manufacturers and
engineers, therefore, as appreciated
these facts and yet wanted to put into

their product and structures the best

material they could get, went to Euro-
pean forges for their supply and ob-

tained what they required. Others,

however, who were not so far-sighted,

did not look further than to local forges

for assistance, and these latter, without

preparation and without previous expe-

rience in the handling of steel, attempted
to supply their demands What they

But of late, facilities have been offered

in the United States to procure as good
steel forgings as can be obtained in Eu-
rope, and representative manufacturers

and engineers, influenced by their ac-

customed progressiveness, have rapidly

taken advantage of them, and, if signs

do not fail, it is a question of a short

time only when steel will drive iron en-

tirely from the domain over which it

has so long held sway.

It was just ten years ago when, fore-

seeing the general demand that, un-

doubtedly, would shortly arise for steel

forgings of a high grade, and appre-

ciating how far the forges of the United
States were behind those of Europe in

the production of such material, the
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END VIEW OF THE CASTING PIT AT BETHLEHEM, SHOWING THE FLUID COMPRESSION PLANT.
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Bethlehem Iron Company decided to

establish at their already well-known
works at South Bethlehem, Pa., a forg-

ing plant, superior to any yet built, es-

pecially suited to turn out steel forg-

ings only, and of a completeness and
capacity to meet any demands that

might be made upon it by any country,

either for government or commercial
work.

Determined to begin at the most ad-

vanced point then attained, they opened
correspondence with Sir Joseph Whit-
worth & Co., Limited, of Manchester,
England, and with Schneider & Co., of

Le Creusot, France, both of which
firms were acknowledged, at the time,

to be foremost in the production of

steel forgings for general and special

purposes. This correspondence re-

sulted in contracts whereby they were
enabled to duplicate such parts of these

plants as they would require, and were
given full information as to manufactur-

ing methods and shop practice. The
money value of these contracts was
very great and has rarely, if ever, been
exceeded by that of single orders given

out by a private concern. This fact,

of itself, is the best proof that the man-
agement was satisfied that they were
working in the right direction.

While availing themselves of the op-

portunity of obtaining this machinery,

they did not neglect to improve its de-

sign where possible, and, in some in-

stances, to enlarge its capacity consid-

erably ; and since that time they have
not ceased to add such special appli-

ances as improvements in practice have
demanded, so that, at the present time,

they have a forging plant superior to

all others in existence.

This plant has been described from
time to time, more or less, in detail in

the technical press, but it will not be
amiss to mention here some of its most
salient features. But, first, it will be

well to premise that it is but an adjunct

to an already complete rolling mill.

The Bethlehem Iron Company owns its

own mines, from which it procures its

ore, has its own blast furnaces for re-

ducing the ore to pig iron, and its Bes-

semer converter plant for changing the

pig iron into steel, and has been mak-
ing rails, billets, muck bar, etc., for the
market for the past twenty-five years.

In addition to this, it has now nearing
completion an extensive mill of the
most modern type for rolling plates of
all descriptions. All of this is, how-
ever, entirely independent of the plant

about to be described.

This plant consists of the open-hearth
furnace and forging press building,

1 1 15 feet long by 111 feet wide, with
annexes for gas producers, engines,

pumps, etc., on either side. On an
elevated platform, to which the various

ingredients of the charges to be melted
are raised by hydraulic lifts, stand four

open-hearth furnaces of 10 and 20, and
two of 40 tons capacity, respectively,

and to these are being added four more
of 40 tons capacity, which will, when
finished, increase the total melting ca-

pacity at any one time to 270 tons.

These furnaces empty their contents

into ladles carried on trucks, which, in

turn, transfer it to moulds conveniently

located underneath them in a pit.

These moulds can be conveyed to a

7000 ton hydraulic press for compress-
ing the liquid metal in them.

In this same building are two forging

presses, one of 2000 tons and the other

of 5000 tons capacity, and in the smith

shop adjoining are steam hammers for

light work. Close by are annealing

ovens for treating forgings after leaving

the forge shop.

Parallel with this building is machine
shop No. 2,—1246 feet long Q4 mile,

. lacking 74 feet) by 1 1 1 feet wide. This

shop is supplied with power by four

200 horse-power engines, two on each

side. It is served by two 75 ton pneu-

matic cranes and one of 30 tons capac-

ity. «J.t is furnished also with a large

variety of machine tools of varying ca-

pacity, among which are some suitable

for the heaviest class of work.

There is a planing tool here which
can finish a piece of metal 13 feet wide,

13 feet high and 55 feet long, and a

lathe will soon be completed capable of

handling pieces 11 feet in diameter and
80 feet long. The work done in this

building is chiefly that of rough ma-
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CRANK AND THRUST SHAFTS FOR THE AMERICAN LINE STEAMERS " ST. LOUIS " AND " ST. PAUL. :

chining or finishing miscellaneous forg-

ings and finishing heavy cannon.
The armour forging and bending shop

is 846 feet long by u6}4 feet wide.

This building houses heating furnaces,

a 125 ton steam hammer, a 14,000 ton
hydraulic press, the latter operated by
a 15,000 horse-power pumping engine

;

a 7000 ton bending press, and a heavy
plate rolling plant now in course of con-
struction. All of these are of the largest

type. They are used principally for

the manufacture of armour plate and
are served by hydraulic cranes of 150
tons capacity. Machine shop No. 3,

—

546 feet long by 63 feet wide, served by
traveling cranes of 80 tons capacity, is

devoted to the finishing of armour
plate, forged in the building just men-
tioned.

Adjacent to these shops are the an-

nealing ovens, tempering furnaces and
oil baths. These are housed in a building

496 feet long by 63 feet wide, and are

capable of treating armour plate of the
largest dimensions, as well as shafts,

gun tubes and similar forgings up to 55
feet in length.

It must be evident to the most un-
initiated that before undertaking a proj-

ect of such magnitude as above out-

lined, a thorough conception of the
situation had to be possessed. The
same consideration which had previ-

ously led to a change of product in the

rail mill from iron to steel, held good
in the latter instance. It was consid-

ered useless to temporise with iron for

many reasons. The fact that these

two metals could not be handled
indiscriminately, side by side, in the

same forge, became apparent as

soon as familiarity was obtained with

the requirements of their respective

treatments. It was necessary also to

have the workmen skilled in one direc-

tion only, so that their minds would not

be dissipated by a multiplicity of meth-
ods of treatment.

The management soon became con-

vinced, however, that if they handled
steel only they would obtain work
enough to keep them busy, and they

built upon these lines. How well

founded their conviction was, their suc-

cess from the start has proved. They
were, indeed, scarcely ready for work
when they were called upon by the

United States government to supply

armour plate, gun forgings and marine
engine parts for the navy, and heavy
gun forgings for the army. Shortly

afterwards, large work, in the nature of

shafts, connecting rods, rings, cylin-

ders, etc., was taken for private cor-

porations, and as fast as thev could pre-

pare for it they were called upon to

meet a demand upon them for smaller
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forgings, and much work has been done
and is now being turned out for the

representative builders of steam and
gas engines, pumps, compressors, ele-

vators, mining machinery, machine
tools of all kinds and miscellaneous

parts of special machinery. It is to

this commercial work that we will de-

vote our attention for the present, as

the methods adopted in turning it out

are necessarily representative of the

most modern practice, and it is these in

which engineers, in general, are most
interested.

Without entering specifically into the

worked into the finished forgings which
the general run of orders calls for.

These pieces are called ingots, and are

usually circular in cross section and
vary in diameter and length according

to requirement. To the formation ot

these ingots the greatest care is

directed, for upon their composition
and solidity depend the perfection of

the finished forging.

In the first place, the various in-

gredients of the steel, having been
analysed carefully to ascertain in what
proportions they should be mixed, are

melted in what is called an open- hearth

PROPELLER SHAFT FOR THE AMERICAN LINE STEAMERS "ST, LOUIS" AND "ST. PAUL.
LENGTH, 53 FEET 5 INCHES. DIAMETER, 21 INCHES. THE SHAFT IS HOLLOW,

HAVING A 6-INCH HOLE RUNNING THROUGH IT.

details ol the difference between the

processes used in forging iron and steel,

it may be stated, in general terms, that

with iron advantage is taken of its

property of welding. Small pieces,

previously heated, are piled upon one
another and pressed together to form
the finished piece, much as a clay

model for a statue would be built up.

On the other hand, steel does not pos-

sess this quality, and a piece large

enough to make the finished forging

must be obtained at the outset, just as

a sculptor must have a block of marble
large enough to enable him to chisel

out his complete design.

The first consideration, then, in the

production of miscellaneous steel forg-

ings is to obtain pieces of steel, varying
in size, but sufficiently large to be

furnace. This is a rectangular basin ot

from 10 to 40 tons capacity, heated by
gas generated in a separate plant, and
so regulated in its supply that the

temperature of the liquid mixture may
be increased, diminished, or held sta-

tionary to suit conditions. By thus

controlling the heat, some impurities

can be burned out entirely, and others

are allowed to remain in certain pro-

portions. Thus from ten (o. 10) to

fifteen hundredths (0.15) of one per

cent, of carbon makes a grade of steel

that differs but little in its strength

from wrought iron, while an increase in

its percentage up to a certain limit

tends to make it stronger, and beyond
that, to make it hard and brittle. Too
much phosphorus tends to make it

brittle when cold, and sulphur to make
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it so brittle, when hot, that it can not be
forged properly. High grades of steel

should not have more than .04 of i per

cent, of these elements in it. Others of

its chemical constituents affect it in

similar and other ways. Their com-
bination in proper proportions can be
arrived at only from long experience in

constant handling and by observing

their subsequent effect on resultant

forgings in actual service.

From time to time, during the proc-

ess of melting, a small dipperful of the

molten liquid is taken out ofthe furnace

and rapidly tested, to ascertain how the

refining is taking place, and when the

charge is ready, it is poured into large

ladles placed on cars which can be run
directly over the moulds. These moulds
may vary in diameter from one to six

feet, and up to 20 feet, or more, in

length, and great precautions have to

be taken at this stage of the proceed-
ings, particularly with the larger sizes,

to prevent defects from forming in the

cooling and solidifying mass.

It is evident, for instance, that in a

body of metal of a large diameter, the

outside will cool very rapidly, com-
pared to the centre, and become solid,

while the centre is still liquid. This
cooling is accompanied by rapid con-

traction which, being resisted by the

hotter metal on the inside and by fric-

tion against the mould, has a tendency
to cause surface or skin cracks. Sub-
sequently, as the metal within solidifies

from the outside inwards, its tendency
is to form cavities along the upper por-

tion of the central axis, or line of last

cooling. This defect is known as

"piping." Air intrained while pour-

SOLID INGOT OF FLUID COMPRESSED STEEL, BEFORE BORING, USED FOR MAKING THE FORGED FIELD
RING OF ONE OF THE LARGE NIAGARA ELECTRTC GENERATORS. LENGTH, 197 INCHES.

DIAMETER, 54 INCHES. WEIGHT, 120,000 LBS.
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COMPRESSED STEEL INGOT WITH HOLE BORED THROUGH CENTRE, PREPARATORY TO FORGING.

ing the liquid into the mould, and gases
generated within the metal in cooling,

cause what are known as blow holes.

There also occurs a concentration of

carbon and impurities towards the

upper central portion of the ingot dur-

ing slow cooling from a liquid condition,

which is called
'

' segregation.
'

' Various
methods have been devised to avoid or

control these defects in ordinary good
practice, but, without doubt, the most
efficient means is the use of the so-called

Whitworth process of fluid compres-
sion.

In this process the ingot mould, as

soon as it is filled with molten steel, is

placed under a hydraulic press and
there the fluid metal is subjected to as

great a pressure as necessary, up to

7000 tons, until solidification takes

place. Under this great pressure many
defects are eliminated, and ingots are

obtained which are more solid and
homogeneous than those produced by
any other means.

At first thought, it would be pre-

sumed that ingots for large hollow
forgings would be cast hollow. It will

be seen, however, that the tendency in

a hollow casting would be to have sur-

face defects not only on its outside, but

also on its inside surface, and that, as

the line of last cooling would be mid-

way between the inside and outside

surface, there would be also a tendency

to the formation of an annular '

' pipe.
'

'

It is, therefore, customary to cast such

ingots solid and to bore them out. By
this means the part of the metal along the

core of the ingot, where defective ma-
terial is most likely to exist, is removed.

In order to make a forging free from
defects due to " piping " and " segre-

gation," a large proportion of the

ingot (about one-third) has to be dis-

carded from the top, and cut off for re-

melting. Good practice also demands
that the diameter of the ingot be about
twice that of the forging.

In preparing the ingot for forging,
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TAKING AN INGOT FROM A HEATING FURNACE TO BE FORGED.

the first requisite is slow and uniform
heating to the proper temperature.

The same attention evidently must be
observed in this process as was given to

its original cooling,—one being simply
the reverse of the other. The next

requisite is the selection of forging tools

of proper design and power for the

work in hand. The pressure applied

in shaping a body of steel should be
sufficient in amount, and of such char-

acter, as to penetrate to the centre and
cause flowing throughout the mass.

As this flowing of the metal requires a

certain amount of time, the requisite

pressure should be maintained through-
out a corresponding period.

The hydraulic press, therefore, is used
instead of the hammer to work it into

shape. Under its action the forging is

slowly operated upon, and the pressure

distributes itself evenly throughout the

mass, whereas, under the high velocity

of impact of the hammer the metal has

not time to flow, and internal strains, if

not always defects, are thereby created.

In fact, the cause of failure of many
forgings, particularly large ones, can

often be attributed to their having been
shaped under a hammer of insufficient

power where the blow is developed by
a high velocity, rather than by weight

of falling mass.

The difference in the effect of these

two methods of forging is apparent in

large cylindrical shafts. Those forged

under a hammer have concave ends,

showing that the blow has not pene-

trated the forging, but has worked only

upon the surface and drawn it out,

leaving the central portion behind, and
thus producing a tearing strain on the

core by which actual cavities may be
developed. The reverse is the case

with a shaft that has been hydraulic

forged. Its ends are either straight
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or slightly convex. The pressure being
definite and constant, and acting slowly

but uniformly throughout the distance

traversed by each stroke, passes com-
pletely through the forging and tends

to force out the centre, that portion

being hottest and, therefore, the softest.

In order to ensure the most thorough
working of the metal, large shafts and
similar forgings should be made hollow,

where practicable.

The production of such forgings is

much facilitated by the use of the hy-

draulic press. The ingot bored as

above described offers the best condi-

tions to begin with. The thin walls

are readily reheated, and the danger of

internal cracking during that operation

is removed. After reheating, a man-
dril is passed through the ingot and it

is then worked down under the press,

the diameter gradually decreasing and
the length increasing proportionally.

It is much more difficult to hollow forge

with a hammer than with a press,

especially in long lengths. A slow and
even pressure is necessary to draw out

the thin cylindrical walls equally and
make a shaft which is straight and sym-
metrical throughout. During this

change in shape, the metal must, of

course, be reheated frequently. Oper-
ating on metal that has become too

>
LL

U
cold to flow would only bruise and
tear it.

When a large mass of steel has been
forged to shape, it is apt to contain in-

ternal strains due to irregular cooling
and its molecular or crystalline condi-
tion will lack uniformity and desirable

physical qualities more or less according
to the temperature at which the last

work of forging has been done. To
correct and modify these undesirable

conditions, the forging must be an-

nealed. This consists in heating it in

a suitable furnace to a uniform and
proper temperature and allowing it to

cool slowly. All forgings should re-

ceive this treatment in order to improve
their physical condition and to guard
against strains developing after they

have been in service, causing springing

and possible rupture.

On the treatment of steel after forg-

A_i

l\
ing largely depend its physical quali-

ties. Of these, the most important to

be considered are the
'

' limit of elasticity'

'

and the '

' elongation
'

' and '

' contraction

of area" which are the measures of

"toughness." The limit of elasticity

marks a point where the metal loses its

elastic property of recovery after a load

has been applied to it, and stretches

permanently under subsequent stress.

In an annealed forging of ordinary steel,

the limit of elasticity is less than one-

half the ultimate strength.

In order to learn what are the physi-

cal qualities of a forging, a full- sized

prolongation should be forged on the

end and treated in all respects like the

forging. From this prolongation, test

specimens of a standard size are cut

out cold by machining, and are actually

pulled apart in a testing machine. The
elastic limit and ultimate strength are

carefully noted and after the pieces are

broken, its stretch, or elongation, as

well as its reduction in sectional area,

or contraction, are recorded. Thus,

from long experience and a careful com-
parison of physical qualities, as shown
by testing, with chemical composition,

metal possessing required properties

can be produced with certainty.

In order to obtain the full benefit ot

the use of steel, a grade should be
selected that has a high ultimate



94 CASSIER'S MAGAZINE.

\fMt

DOUBLE-THROW CRANK SHAFT, MADE FOR THE DE LA VERGNE REFRIGERATING
MACHINE COMPANY, NEW YORK CITY. WEIGHT, 9556 LBS.

strength and elastic limit, combined
with ductility or toughness, as shown by
a high percentage of elongation and
contraction.

To develop these properties and the

combination of them to the highest ex-

tent in any grade of steel, tempering,

i.e., hardening and annealing, is resorted

to. This treatment consists, first, in

heating the forging to a certain tem-
perature which experience has shown
to be proper according to circumstances,

and cooling it rapidly by plunging it into

a bath of oil or other suitable liquid
;

and, second, in annealing by again
heating and cooling slowly. The hard-

ening effect of the sudden cooling is

accompanied by a "setting" of the

amorphous condition brought about by
the first heating, with the result that

the irregular and often coarse crystal-

line condition, existing after forging, is

broken up and a uniform and finer grain

ensues. By the subsequent annealing,

strains are relieved and the hardening
effect of sudden cooling is removed to

a desired degree ; at the same time the

elastic limit is increased proportionally

to the tensile strength and a greater

toughness is imparted to the metal, as

shown by a higher elongation and con-

traction of area.

In order to avoid what may result in

dangerous internal strains occurring

during the process of tempering,

the sectional thickness of the metal

should be reduced and made as uni-

form as possible. This leads, in the

case of shafts and similar forgings, to

the use of axial holes either bored or

produced by hollow forging. Indeed,

tempering in general can not be safely

applied without such axial holes, and it

is evident that the combination of hol-

low forging and tempering will insure

the very best results.

With the substitution of steel for

wrought iron in engine and machine
forgings, the tendency has naturally

been to use a mild or soft steel, ap-

proaching iron as regards physical

qualities, and in the ease with which it

can be machined. Wrought iron has

a low elastic limit, averaging, in thick

sections, about 20,000 lbs. per square

inch.

Although mild steel, when of good
quality and properly worked and
treated, is superior to wrought iron in

strength, toughness, homogeneity and
freedom from imperfect welds and
porous spots enclosing slag and
scale, still it does not possess the

very desirable quality of high elastic
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strength combined with ductility or

toughness in as great a degree as can

be obtained without danger in a harder

steel, when proper precautions are

taken in its manufacture. In other

words, in the use of ordinary mild

steel, only a partial advantage is taken

of the most desirable qualities of steel

which are easily within reach.

In some instances, where the amount
of machine work in finishing is very

great, and where there is ample margin
of safety in the design, the use of mild

steel may be advisable. Such steel

contains about 0.20 to 0.25 of 1 per
cent, carbon, and can be guaranteed to

show, in specimens four diameters in

length, cut from full-sized prolongation
of forgings or from representative

pieces, a tensile strength of not less

than 57,000 lbs. per square inch, and
an elastic limit of not less than 27,000
lbs. per square inch, with an average
elongation of 28 per cent. For the

general run of engine forgings, how-
ever, a harder steel should be used, in

HOLLOW-FORGING A SHAFT UNDER A 5COC-TON HYDRAULIC PRESS.
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which a tensile strength of about 75,000
lbs. and an elastic limit of 35,000 lbs.

per square inch can be obtained,

together with an average elongation of

25 per cent, in four diameters.

When proper precautions are em-
ployed, forgings can be made with

perfect safety of a still higher grade of

steel, and this is especially recom-
mended for crank and cross head pins

and for all parts subject to severe alter-

nating strains and wearing action. In

this grade of steel, a tensile strength of

about 85,000 lbs. and an elastic limit of

about 40,000 lbs. per square inch can
be obtained, with an elongation of 20
per cent, in four diameters.

If the shape of the forgings will

allow of their being tempered they
will possess still higher qualities than
those above mentioned, and can be
furnished with a tensile strength of

from 85,000 to 90,000 lbs., an elastic

limit of 45,000 lbs. per square inch,

and an elongation of 23 per cent, in

four diameters.

By the introduction of nickel into

steel, a further marked improvement in

TEMPERING A SHAFT IN OIL.
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the combination of physical properties
can be attained. The effect of certain
percentages of nickel in mild steel is to
add both strength and toughness.
This is indicated in test specimens by
an increase in elastic limit propor-

A LIGHT AND STRONG SHAFT OR ROLL.

tionally to ultimate strength, com-
bined with a higher elongation and con-
traction of area. By the combination
of hollow forging and tempering nickel
steel, a material is obtained excelling
all others known in elastic

strength and toughness.
As an example of this

can be mentioned the
shafts made for the U.
S. warship Brooklyn.
These are 17 inches out-
side diameter, n inches
inside diameter, and 39
ft. long, weighing, each,

19, 1 12 lbs. These shafts

showed, in specimens cut
from full-sized prolonga-
tions, a tensile strength of

94,245 lbs., an elastic

limit of 60,775 lbs. per
square inch, an elonga-
tion of 25.55 Per cent.,

and a contraction of area
of 60.58 per cent.

Fluid compressed oil

tempered steel, contain-

ing from 0.40 to o 45 of

1 per cent, carbon, and
especially nickel steel, is

markedly adapted for pis-

ton rods of rock drills,

hammer rods, stamp
stems, cam shafts, crank
and crosshead pins, and
similar pieces that are subjected to stress-

es alternating between tension and com-
pression, or of either kind frequently re-

peated. By substituting steel of this

grade, which can be given an elastic

limit of from 50,000 to 60,000 lbs. per

square inch, for wrought iron or mild
steel, which is generally used for the
purpose, the best results can be ob-
tained.

Prominent among hollow forgings
made by the Bethlehem Iron Company
are the Ferris wheel shaft, 32 inches
outside diameter, 16 inches inside dia-
meter, 45 ft. long, weighing 89,320 lbs.,

and the shafts for the steamers Puritan,
Plymouth and Pilgrim of the Old
Colony Steamboat Company. These
are 30)^ inches outside diameter, 12
inches inside diameter, and weigh
65, 832 lbs. each. Field- rings of nickel
steel were hollow forged for the 5000
H. P. Westinghouse dynamos at Nia-
gara Falls. These rings are 11 ft. 7^8
inches in diameter, 4H inches thick

NICKEL STEEL FIELD RING FORGED WITHOUT A WELD FOR ONE
OF THE 50OO H. P. NIAGARA GENERATORS. DIAMETER, II

FEET 7% INCHES. WIDTH, 4 FEET 2^ INCHES.
WEIGHT, 28,840 LBS.

and 4 ft. 2^ inches wide, and weigh
28,840 lbs. each.

Shafts for the United States Navy
are made hollow, and those for the
American Line steamers New York,
Paris, St. Louis and St. Paul are 21
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CRANK SHAFT FOR A L CASE THRESHING

inches in diameter. The crank pins are

22 inches in diameter. There are i Cl-

inch holes through both. Undoubtedly
the best type of hollow forged shafts

and one which is gradually being intro-

duced is where the walls are of the

same thickness throughout, the outside

and inside diameter varying together,

both being greatest at the centre where
most strength is required, and smallest

at the bearings. Such a shaft is de-

signed on the principle of a girder and
offers the greatest strength for the

least amount of metal. Rolls for plate

mills, made after this design, are es-

pecially desirable.

A large proportion of the material

produced by the forging department at

the Bethlehem Works has been manu-
factured under the rigid inspection of

officers of the American navy and army

and of foreign governments. This has

necessitated a very large amount of ex-

perimental and prescribed testing under
all conditions of manufacture, and has

rendered it absolutely necessary to hold

the work in all its stages under the

most careful and complete control from
the ore to the finished product. This
experience is now being constantly ap-

plied to the production of mercantile

work and affords an opportunity to

engineers to procure with certainty and
uniformity material possessing higher

physical qualities than ever before. 8fe
-

This allows a wider scope to new de-

signs and a simplification and lightening

of old patterns. Thus the field of engi-

neering is broadened and the effect ofen-

terprise on the part of one corporation is

felt in the development of allotherlines of

trade wherever machinery finds a place.

THREE-THROW CRANK SHAFT, MADE FOR THE POPE MFG. CO., HARTFORD, CONN., U. S. A.
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Practical Hints on Preventable Losses.

By Brymi Donkin, M. Inst. C. E.

M UCH money might
be saved if those
who generate

steam would undertake proper experi-

ments, and realise that coal is only heat
in a solid form, and should be bought
as such. Their object ought to be to

turn the fuel to the best account in

evaporating the largest quantity of

water,—in other words, to obtain the

maximum boiler efficiency at the mini-

mum cost. The steam formed should
be conveyed in well-covered pipes to

the engine cylinders, to obtain the

maximum power with the minimum
condensation.

The fuel should be purchased with

as little clinker, dirt and moisture as

possible, and considered as so many
tons, not only of fuel, but also of heat.

It should then be burnt according to

the well-known chemical laws of com-
bustion. The weights of coal, clinker,

and water evaporated should all be
known, and carefully recorded in a

book at the end of each day and each
week. This is now done in well-

arranged boiler houses, but only in

relatively few cases. On the European
Continent it is much more usual.

All fuels contain a certain proportion

of dirt, clinker, and incombustible mat-
ter. This varies in England from 3 to

15 per cent, and even 20 per cent, by
weight, so that a purchaser is always
paying a high price for so much use-

less dirt, which he very rarely measures,

and often has to pay to get rid of.

This percentage ofuseless matter should

be known and specified between buyer
and seller. Fuel is purchased only be-

cause, by combustion, it generates heat.

The amount of such heat per pound of

fuel ought to be determined, and should
govern the price of the fuel.

There are now reliable instruments,

called fuel calorimeters, which give the

heating value of any fuel. The price

should be fixed, not as at present, at so

much per ton, but according to the

heating value of the coal, taking into

account the percentage of incombust-

ible matter and dirt. One of the best

English coals,—Nixon's Navigation

Welsh,—has a heating value of 15,600
British thermal units per pound, equal

to an evaporation of 16 lbs. of water

per pound of pure and dry coal, from
and at a temperature of 212 F. The
buyer should purchase fuel with a mini-

mum amount of dirt, and a maximum
amount of heat.

The Belgian State Railways and
many other lines and factories on the

European continent buy all their coal

on this basis. When will the English

and American people follow this logical

system, and not purchase their fuel,

ignorant, not only of its heating value,

but of the percentage of dirt ? The cal-

orific value of English coals may be
taken as varying approximately from

15,550 to 10,000 B. T. U. per lb. The

99
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first is equal to an evaporation of 16

lbs. of water from and at 21 2° F. and
the latter to io}i lbs. This is the net

calorimetric heating value of the coal

of which ordinary boilers in practice

give only from 60 to 70 per cent.

Grate Losses.

The grate should always be well

covered with fuel. Ordinary grates

generally allow too large a quantity of

cold air to enter, partly because the bars

are not covered, and often because they

are too wide apart. All the cold air

passing the grate, in excess of that

necessary for the proper combustion of

the fuel, causes loss and waste, as it

carries off heat from the boiler. From
an analysis of the coal and gases this

excess of air can be determined, and
this plan is often followed in many
well-managed establishments.

Firing, Stoking, Damper and
Clinker Losses.

The fire doors should be kept open
as short a time as possible, to reduce

the waste caused by letting in cold air.

The less dirt there is in the coal, the

less frequently will the fires require

cleaning, and the more perfect will be

the combustion. Attention should be

paid to the opening of the damper, so

as not to have too much draught and,

therefore, too much air admitted, par-

ticularly with a high chimney. The
fires should be kept as hot as possible,

and the thickness of coal on the grate

should be carefully regulated.

Heating Surfaces.

The hot gases should be well dis-

tributed over the heating surface of the

boiler, whatever type is used, and par-

ticularly in a water tube boiler. The
problem is to make the surfaces absorb

as much heat as possible from the gases,

—in other words, to facilitate the trans-

mission of heat from the dry absorbing

surfaces of the boiler plate on one side,

to the heat transmitting or water sur-

faces, on the other. As is well known
by practical tests, these surfaces trans-

mit very much more heat when clean

than when dirty or covered with scale.

Care should, therefore, be taken to re-

move periodically the soot and dirt from
all the external, and any lime or deposit

from the internal, surfaces. These im-

purities are very bad conductors of heat

and all surfaces of tubes, fire-boxes, etc.,

should be kept as clean as possible.

Any accumulation of dirt is a great

cause of waste. These surfaces being

out of sight are generally forgotten, and
become very foul, heat transmission is

much checked, and the gases are al-

lowed to escape at too high a tem-
perature.

Smoke and Chimney Wastes.
Volumes of black smoke are a dis-

grace to heat engineers. Although the

actual quantity of carbon wasted in such
smoke is very small, as has been proved
by experiments, smoke generally means
some waste of heat, and is a consequence
of imperfect combustion. To prove
how imperfect the combustion is,

it is most important that the chim-

ney gases should be analysed periodi-

cally, to ascertain, not only the

percentage of air passing through
the boiler to waste, but especially the

amount of carbonic acid and carbonic

oxide. In well managed establish-

ments this is now done, in order that

with the particular fuel used, the stoking

may be carried out to obtain the maxi-

mum amount of carbonic acid and the

minimum amount of oxygen and car-

bonic oxide. The expense of an ap-

paratus for analysing and sampling the

gases is not great, and is covered, in a

few days or weeks, by the fuel saved.

The following list gives the results of

analyses of gases from various boilers.

Table of Analyses of Gases from Various
Types ofSteam Boilers.

Type of Boilek. O-s g §a 8 O >>S

36 Lancashire boilers 6 to 14 Zero to 0.4 4 to 12

6 Cornish boilers 7 to 15 Zero to 0.3 3 to 12

1 Vertical boiler. 10% 3 6
1 Tubular marine boiler.. %% a 10^
13 Loco, type boilers 6 to 16 o to 1 2 to 12

17 Water tube boilers 7 to 12 o to 1 6 to 12

2 Multitubulpr boilers 6 to 9 o 6 to 10

With good combustion, the amount
of carbonic acid should be from 12 to 16
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per cent, by volume ; the amount of car-

bonic oxide should be zero, and the per-

centage of oxygen as small as possible.

The waste of fuel from incomplete com-
bustion and low percentage of carbonic

acid is often as much as 12 or 15 per
cent, and sometimes more.
Next we come to the question of the

temperature of the escaping gases,

which should be taken at the end of the

boiler. If this temperature be too
high, a large saving can be effected by
adding an economiser or feed water
heater.

The writer has often found an econ-

omy of from 10 to 12 per cent, due
to a rise in the temperature of the feed

water and to a reduction of the tem-
perature of the escaping gases, which
would otherwise carry off heat to waste.

Few boiler engineers and boiler owners
ever take the temperature of their

gases, and still fewer analyse them.

They look after 1 or 2 per cent, dis-

counts in their ordinary trade accounts

or bills, but often and thoughtlessly

submit to constantly preventable wastes

in their boiler houses of from 10 to 20
per cent, on the fuel account.

To ascertain the amount of draught,

or the vacuum, in any chimney, a U-
glass water gauge, costing a few shil-

lings, should always be fixed to the

bottom of the chimney. This draught
varies from 0.2 inch in low and
small chimneys, to 0.7-inch in high
and large chimneys. "Good" or

"bad" draught are very vague terms.

The draught should always be defined

in tenths of inches of water. For
maximum economy the temperature of

the escaping gases at the end of any
boiler should be only a little above the

temperature of the steam generated,

say 40 or 50 . Take a boiler working
at 100 lbs. pressure ; the steam tem-
perature would be about 338 F., and
in this case an economical temperature
for the escaping gases would be 380
or 400 F. Supposing, as often hap-

pens, that they escape at 540 above
the atmospheric temperature, and that

the amount of carbonic acid is 8 per

cent.—a usual condition. The per-

centage of loss will then be about 23 per

cent. , a large proportion of which could
be saved.

Radiation and Air Leakage
Losses.

The external brickwork of a boiler

should be carefully examined at stated

intervals, say every week, and any
cracks or openings between boiler and
brickwork should be stopped, to pre-

vent leakages and currents of cold air

passing into the flues and carrying off

the heat from the boiler. Such an ex-

amination can be made by the stoker

at practically no cost. The front of

the boiler, the top and all external sur-

faces, should be well covered to mini-

mise losses by radiation. These losses

from boiler and brickwork may easily

amount to from 8 to 10 per cent, of the

total heat in the fuel, depending upon
how the boiler is set, and the extent of

the external surfaces of brickwork.

Feed-Water Measurement.
The sole object of a boiler is to

evaporate water into steam by the heat

of the fuel
;
yet how few engineers or

mill-owners ever measure the feed-

water pumped in ! This may be done
by two methods, tanks or water-meters.

Where great accuracy is required tanks

are the best ; if water-meters are used,

the best piston type should be selected,

brass lined. Water-meters have nearly

always a small error, plus or minus,

which should be ascertained from time

to time and allowed for. In any im-

portant experiment the water-meter

should be tested both before and after.

In all well-managed boiler plants the

feed-water ought to be regularly meas-
ured and comparisons made, which
always lead to economy. The writer

knows of several scores of cases where
the boiler-feed is systematically re-

corded. When the quantity of water

evaporated per hour and the total heat-

ing surface of the boiler are known,
the pounds of water per square foot of

heating surface per hour can be calcu-

lated. For the most economical re-

sults this should not exceed from 4^
to 5 lbs. A greater evaporation gen-

erally leads to waste up the chimney,

unless an economiser be used.
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Boiler Efficiency.
To compare the evaporation results

of different types of boilers, using dif-

ferent fuels, it is very necessary to have
some recognised standard. In the

writer's opinion what is called "boiler

efficiency
'

' is the best standard of com-
parison for reporting boiler results.

The efficiency of a boiler is the per-

centage or ratio of the total heat that

any given fuel can generate by com-
plete combustion, to that part which is

usefully employed in heating and evap-

orating the water into steam. In this

way, good or bad boilers, burning dif-

ferent fuels, with different stokers and
different chimney draughts, can be
readily compared. The efficiency of

the same boiler with the same fuel and
stoker can also be compared, when
forced or worked easily. Therefore,

to determine the boiler efficiency, it is

necessary only to know the total fuel

and water used per hour and the heat-

ing value of the fuel.

Some engineers take as the standard

for comparing boilers, the number of

pounds of water evaporated, from a

certain temperature, per pound of fuel,

but if this be made the basis, no ac-

count is taken of dirt or clinker in the

fuel or of its heating value, and the re-

sults are, therefore, misleading. A

very simple trial gives the total fuel

burnt per hour, and the total water
evaporated. The fuel is known, by a

fuel calorimeter to contain so much
heat ; therefore, on one side of the ac-

count, so much heat is given to the

boiler per hour. Let us next examine
what becomes of it. Seventy-five per

cent. may have been found in the

water evaporated into steam ; about 15
per cent, up the chimney to pure waste

;

and the balance, 10 per cent., was
probably lost in radiation. In this case

the boiler efficiency would be 75 per

cent., a rather exceptional result, since

80 per cent, is generally a maximum
with the best arranged boiler plants,

and good combustion. From 50 to 60
per cent, is very usual, and this means,
that in many cases only half, or a little

more than half, of all the available heat

in the fuel is utilised.

Commercial men, with business

capacity, should look after these heat

losses and serious preventable wastes,

and the small cost incurred in investiga-

tions and necessary experiments would
soon be covered many times over. In

the United Kingdom there are said to

be from 140,000 to 150,000 land steam
boilers, excluding running locomotives.

The question of preventable wastes in

boilers is., therefore, not a small one.

ELECTRIC CURRENT SUPPLY FROM CENTRAL STATIONS.

By John W. Lieb, Jr.

THE operations involved in the busi-

ness of the supply of electric cur-

rent from a central station for

transformation into heat, light and
power divide themselves readily into

two broad divisions—generation, or
manufacture, and distribution, or sub-
division.

Discussing these recently, in a paper
presented to the New York Electrical

Society, the author pointed out that

the generation, or manufacture, of

current includes the cycle of operations

conducted within the station itself, in-

volves the transformation of the heat

energy stored in the coal into dynamic
energy, its transformation into electric

energy and its delivery to the switch-

board. The operations involved in the

distribution of the current are effected

mainly outside the station, and involve

its delivery through a network of mains
and secondary conductors to the local

centres of consumption, where, through
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translating devices, the current is trans-

formed into the form of energy desired
—light or dynamic energy.
The various processes involving the

generation of electric current on a scale

rendering possible its industrial utilisa-

tion are, except where water power is

available, the "direct results of chemical
action—usually the combustion of coal.

The operations that a central station

conducts are the economical burning of

coal, the imparting of its heat energy
to the water in the boiler, converting it

into steam, the dynamic force of which
impels the piston of the engine, re-

sulting in the movement of conductors
through the lines of force of an electro-

magnet, thereby generating electric

current.

Of the several steps of this cycle the

important ones are mechanical. The
economical burning of coal on a grate,

although a chemical process, has been
reduced, by accepted types of boiler

furnaces, to a mechanical operation
requiring some common sense and a
stout arm, but no mechanical formula.

The electric generators involved are

relatively simple, and the perfection

which electrical construction has al-

ready attained, has confined further

possibilities in this direction to im-
provements affecting the investment
rather than operating accounts. I

speak of this somewhat elementary
proposition for the purpose of calling to

mind and emphasising the fact that in

the modern central station the problems
within the station—problems of genera-
tion or manufacture—are in mechanical
rather than electrical engineering.

The best types of multi-expansion
condensing engines rarely transform
more than 15 or 16 per cent, of the

heat energy of the coal into dynamic
energy, and, in the common forms of
non-condensing engines, not more than
six per cent, of the coal energy is avail-

able at the flywheel of the engine.

Under the conditions found in most
electric light stations these efficiencies

can not be approached. Taking into

account the variable loads on engines
and boilers, condensation in steam pipes

with the other losses, the total efficiency

of the transformation into electric cur-

rent seldom, if ever, exceeds eight per
cent, and is usually not greater than
three per cent.

The electrical efficiency of the best

types of dynamos of the size used in

the larger stations is seldom less than

90 per cent, and, in the larger sizes, is

as high as 96 per cent. These effi-

ciencies diminish but little under the

partial loads ordinarily carried in a

well designed station having generat-

ing units of several sizes to maintain a

high ratio of capacity to output.

It is safe to say that of the energy
delivered to the engine shaft, from 75
to 85 per cent, in the smaller stations,

and from 85 to 90 per cent, in the

larger, is delivered as electrical energy

to the switchboard, including losses

due to the inefficiency of the dynamos,
in the leads to the switchboard,

in the contacts, etc. It is evident,

therefore, that the losses due to the

inefficiency of the electrical apparatus

in the station are small as compared
with those due to the inefficiency of the

apparatus engaged in the conversion

of heat energy into dynamic energy,

and in the auxilary apparatus. The
great problem in the mechanical opera-

tion of a station is to reduce these losses

to a minimum, approaching as near as

possible the conditions of the maximum
economy—the coal consumption, per

unit generated approaching what its

value would be if the whole station

were operated at the load of maximum
efficiency for the 24 hours.

The problems which are more speci-

fically electrical in their nature are

those connected with the delivery of

the current from the switchboard into

the system of mains and feeders which
distribute the current to the consumer's
premises and its transformation there

in the form of energy desired.

The loss of energy in the conduction

of current from the switchboard to the

point of consumption depends upon the

factors, current, pressure, sectional area

of conductors, and their length. For
each particular case there exists a fairly

definite relation, from which, given the

cost of producing the current, the aver-
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age use of current, or the load factor,

the distance to the point of consump-
tion, and the cost of the conductor per
unit area, the most economical section

can be determined. It would, of course,

be out of the question to make this

calculation for each consumer, or group
of consumers, but it must be taken into

account when it is a question of supply-
ing current at considerable distances

from the station.

Erroneous ideas are held as to what
the actual losses are in a network of

feeders, mains, and services distribut-

ing current from any station. It

may be interesting to note that the
drop of voltage, due to resistance of

conductors between the switchboard
and the consumers' services on the

Edison system in New York, amounted
to an average of seven per cent, during

1895. To this should be added an
average drop of two to two and one-
half per cent, on the consumers' wiring

between the service and the lamps.
This drop has been reduced consider-

ably, as well as the investment cost for

conductors, by the use of two or three
'

' bus
'

' pressures in the modern station,

grouping the distant, or heavily loaded,

feeders on the "bus" carrying the
high voltage, and the short, or lightly

loaded, feeders on the low "bus."
The same result is obtained by the
use of a "booster" inserted in series

with the feeder, which adds to the

"bus" pressure the voltage necessary
to overcome the drop.

Notwithstanding the much-talked-of
leveling of the station load curve, due
to the installation of motors, it will be
found that as a station increases in

capacity, the ratio of maximum load
at any time to the total connected in-

stallation will continue to fall. There
is a limit, of course, beyond which this

decrease is not likely to go, depending
largely on the further uses to which
electricity will be applied.

In an industrial district, where the

motor load is heavy nearly all day, the

lighting load is comparatively light,

except during the winter, when dark-

ness sets in early, and the motor and
lighting loads overlap. In a district of

this kind, moreover, there is but small

demand for light at night. In a resi-

dential or shopping district, on the

contrary, the motor load is of less im-

portance and the lighting load becomes
great immediately upon the approach
of darkness, reaching a maximum in

the evening and extending into the

night.

Although motor service is, on the

whole, advantageous to a station,

owing to the long average use in

proportion to the time of maximum
current demand, and can, therefore,

be sold at a considerably lessened rate

than in the case of arc or incandescent

lighting, it is not an ideal service.

This is due to the fact that the motor
load overlaps the period of maximum
demand for lighting, and, therefore

becomes part of the maximum load of

the station, for which generating and
distributing capacity must be provided.

The ideal service for leveling the load

curve, which all station managers are

striving to do, is one which ceases be-

fore the time of maximum lighting, and
which would not, therefore, call for ad-

ditional and special investment. It is

hoped that some such application may
appear in the many uses which are

being found from time to time for the

electric current.



COMPRESSED AIR FOR STREET RAILROADS.

By Whitfield Price Pressinger.

THE rapid increase of population
and the extension in area of

many cities have brought in

their trace a problem, prominent not

only in the minds of those intrusted

with the administration of municipal
affairs, but of considerable importance
to the shrewd capitalists in control of

valuable franchises and to the citizens

desirous of local transportation, econ-
omically, comfortably and expedi-

tiously. So quickly has the addition

in numbers and consequent widening of

corporate limits come upon us, that we
have been compelled to make a virtue

of expedient, and adopt methods, which,
though they be but temporary, never-

theless operate to relieve the tension

caused by the rapidly changing condi-

tions.

The growth and development of a

municipality being so largely dependent
upon rapid transit, and capital being
always ready for such an apparently
lucrative avenue of investment, it is not
surprising that a considerable number
of diverse methods of street car pro-

pulsion have been devised and ex-

ploited. The trolley, the electric stor-

age system, the ammonia motor and
several types of gas-engine motors, are

but a few of the many creations of in-

ventive minds in this direction.

But the advanced methods of street

car locomotion in general operation to-

day are practically represented by two
systems,—the electric trolley and the

underground cable. Of these, the first,

insuring, as it does, manifest economy
over previously existing conditions, and
a most gratifying increase in speed, has
received widespread adoption through
the efforts of promoters, who have
changed the equipment of existing lines

and installed new ones upon a basis

highly profitable to themselves.

That some prevailing objectionable

characteristics of the trolley system,
both from the standpoint of the com-
pany and of the passenger, will be re-

moved in time, is undoubtedly true,

but there will always exist features,

peculiar to the system, and consequently
ineradicable, which are condemned by
the public. The unsightly wires, the

cumbersome trolley poles and the heavy
mortality record will always be viewed
with popular disapproval, and a math-
ematical demonstration ofreduced oper-

ating cost per car mile is to the magnate
whose capital is involved a most elo-

quent argument for a change of system.

The underground trolley is said to

represent a solution of the question

and to demand a final recognition of

the claims advanced for electricity in

this service. This method has been
recently in the interesting process of

demonstration, and should it success-

fully undergo the crucial tests, a marked
advance will be recorded for the electric

system from the citizen's point of view
though the enormous cost of installa-

tion will still remain a most portentous

objection for corporations in smaller

cities to overcome.
The cable system, approved by sev-

eral large cities, with the prestige of

efficient service satisfactorily rendered,

stands pre-eminent to-day as the most
advanced practical solution of the prob-

lem. But a comparison of the condi-

tions existing in a great city with enor-

mous traffic and close headway, as

against the lighter traffic of smaller

towns, in which the subject of rapid

transit is of equal import, immediately
discloses the objection to the cable sys-

tem in the capitalistic mind, the cost

of installation being practically the

same in either case. Therefore, any
system of street car propulsion, to
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merit favourable consideration in com-
petition with the two prevailing meth-
ods, must be capable of installation and
operation at a lower cost. We are

always confronted with the possibility

of some neglected gentleman of scien-

tific attainments and advanced ideas

turning the whole or any part of our
scheme of civilisation topsy-turvy, but
at the present writing, passing from the

trolley and cable systems, we naturally

turn to the next important method of

power transmission—compressed air.

But before we discuss its application to

street car service, let us consider the

power itself.

Compressed air does not scintillate

with the unknown possibilities which
have been electricity's chief attraction to

the imaginative mind of embryo genius.

Its limits are clearly defined. Hedged
in by unswerving mechanical and
thermo-dynamic laws, presenting no
avenues of research for the accomplish-
ment of results hitherto unattained,

compressed air, though longer known
to science, has been overshadowed by
its more showy contemporary. But
the boundaries of electrical possibility

in the sphere of mechanics are more
clearly defined, and to-day the field of

usefulness of compressed air exhibits a

marked extension. It occupies a

recognised position in almost every
branch of the arts, sciences and manu-
factures, and many new and important
methods and processes are based upon
the utilisation of this power.

Compressed air locomotives for mine
service are used extensively and, at

their present stage of development, run
anywhere from one to three miles with

one charge of air, hauling loads which
may vary from 50 to 100 tons, and
surmounting any grades that steam
locomotives can travel with economy.
These compressed air motors in mines
possess very great advantages over
other systems of haulage. The annoy-
ance of smoke and steam being entirely

banished, and an increased supply of
fresh air substituted, the air locomotive
has, at the same time, all the desirable

features of the steam-driven one, being
an independent machine, containing its

own power and being capable of running

anywhere in the mine where tracks are

laid.

But the very greatest point in favour

of compressed air locomotives is their

absolute safety from fire, which cannot

be claimed for any other form of motor,

either steam or electric. Pneumatic
locomotives can be used both in the

main and cross entries of mines, running

into the mine room to gather loaded

and to deliver empty cars. This is

impracticable with any other system of

mechanical haulage. On plantations,

wharfs, and in other outside work, they

are frequently employed in hauling

cotton bales or other inflammable mate-
rial, where risk of fire would militate

against any other method.
In street railroad service, the misfor-

tunes previously alluded to, seem to

have clung to compressed air so tena-

ciously that a fair and impartial demon-
stration is yet to be made. In this em-
ployment it can present no arbitrary

claims for its adoption, but must com-
pete on an equal footing with estab-

lished methods, the basis of comparison
being cost of installation and operation.

When the inventor, who undertakes to

design and construct a compressed air

street motor, is able to convince street

railroad capitalists by an actual demon-
stration that his system can be installed

and successfully operated at a reduced

cost per car run, then, and then only,

will compressed air be used in this serv-

ice. The history of the various com-
pressed air motors which have been
exploited from time to time, is a check-

ered one, but the fact that compressed
air yet lacks a thorough demonstration,

is due either to incompetent efforts, or

to causes entirely foreign and beyond
the control of those interested.

The first to be tried, in America at

least, was the Hardie motor, which

was constructed at the Baldwin Loco-

motive Works, at Philadelphia, and
tested in New York city about 1881.

Subsequently the Judson system, tak-

ing its power from a continuous com-
pressed air conduit the entire length of

the line, was tested and abandoned.

Then the Atmospheric Propulsion
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Company built an experimental car and
progressed no further. The rights of

the Mekarski system, extensively used
in France, are controlled in the United
States and cars have been run there,

A MEKARSKI COMPRESSED AIR STREET CAR ON THE NANTES
AND VINCENNES LINE, FRANCE.

but it has not nourished as in the land

of its conception.

All these motors, with the exception

of the Judson, were designed upon the

storage system, being provided with

cylindrical receivers carried under the

car body. These receivers were charged

at a central station with compressed air

to a high pressure and the air was sup-

plied to the motor cylinder on the car,

at the requisite working
pressure, by means of press-

ure-reducing valves. Pro-

vision was made for restor-

ing the radiated heat energy
to the air before it was
used and air brakes were
employed. On down grades
no air was consumed and,

in fact, the motor cylinders

could be utilised as com-
pressing pumps, to restore

air under pressure to the

receivers whenever the car

was propelled by gravity.

The entire mechanism was
controlled by the motor-
man from his place on the front

platform and required no higher grade
of ability than in managing a cable or

trolley car.

In this employment of compressed
air power, as in others, Continental

Europe and particularly France, made
the earliest demonstration of any mag-
nitude. In the suburbs of Paris and at

Nantes, compressed air tramways have
been in operation for several years. A

report relative to the tram-

way near Paris, states that

the many advantages of this

system have been fully estab-

lished by over two years'

experience, and claims the

following :

—

"The motor does not

emit smoke or hot gases,

and is almost noiseless.

Any desired rate of speed
can be attained, and may be
varied at will to suit con-

ditions. A special track or

overhead appliance is un-

necessary. Being very light,

it can be easily handled
on steep grades. Simple in form,

it does not frighten horses ; the ma-
chinery on the front platform is almost

invisible from the outside. A possible

explosion of compressed air is less dan-

gerous than one of steam or superheated

water. One person only is required to

manage the machinery, and he need not

necessarily be a skilled engineer. On
crowded days or hours of the day, 'the

A FRENCH TENDER CAR.

accommodation for the passengers may
be easily augmented by the addition

of one, or even two, tenders, or ordi-

nary cars."

The principle of the system is very

simple.- The storage reservoirs of the
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car are charged with compressed air

at the supply station, to a pressure of

45 atmospheres. The air is reduced
to a working pressure of from 5 to ip
atmospheres, being at the same time
heated to a high temperature and
charged with moisture in a heating
vessel (voillotte) designed for the pur-

pose. Thence the air passes to a

double-expansion engine, expending its

power in driving a piston in a manner
exactly similar to steam. The average
grade over which this motor travels is

about 31 feet per mile.

The line at Nantes, operating Me-
karski motors, has an average grade
of about 25 feet per mile. In either

case, however, the grade presents no
difficulty in the regular operation of the

cars, though the ascent in some parts

of the road is quite abrupt. The rails

used in these French lines are heavier

than those employed in the United
States, but the use of the compressed
air system in the latter country would
not necessitate a change in the tracks.

The French cars, though comfortable,

are unnecessarily clumsy and of excess-

ive weight.

A new method of compressed air

traction has recently been tried in

Paris. The system is known as the

Popp-Conti, being the joint invention

of Mr. Victor Popp, whose name is so

thoroughly identified with the Paris

compressed air power system, and Mr.

James Conti. The details of their

invention vary from the other promi-

nent methods, in that a low air pressure

is employed, the car reservoirs being
re-charged automatically at intervals

along the line. It is stated that the

preliminary demonstration has resulted

so satisfactorily that a concession to the

company controlling the system has

been granted by the municipality of St.

Quentin. The American rights for the

system have been secured, and an engi-

neer familiar with its details is now in

the United States.

The new and modernised Hardie

THE REGULATOR.
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motor, too, has been much heralded
there. This motor is built by the

General Compressed Air Company, of

Rome, N. Y., and is briefly described

in a report by Capt. G. J. Fieberger,

Corps of Engineers, U. S. A., as

follows :

—

'

' The motor examined is of about
eight and one-half tons weight. The
compressed air is stored in cylin-

drical cases of steel—Mannesmann bot-

tles—from which it passes, through
reducing valves, into a hot water tank
placed under the body of the car.

From this tank it passes through the

twenty-four miles per hour—two and a

half minutes. Not the slightest diffi-

culty was experienced in starting or

stopping the car, or regulating its

speed. The deductions indicated that

between the ranges of pressure—2025
and 200 pounds—the car could be run,

on the same track, a distance of thirteen

miles, under conditions similar to those

existing at the time. The car carried

twenty-six passengers; the trip was
made in a snow storm, but upon a

nearly level track in fine condition. If

the capacity of the air-tank were
doubled, or contained seventy cubic

A CAR OF THE GENERAL COMPRESSED AIR COMPANY, ROCHESTER, N. Y. , U. S. A.

tubes to the valves located upon each

of the platforms, and thence to the

engines.
'

' The operating mechanism occupies

less space on the platform than that of

the ordinary electric motor. The engines

are placed under the car, and are con-

nected with all four wheels. The diam-
eter of each cylinder is six inches, and
the stroke fourteen inches; the diameter
of the wheel is twenty-six inches. The
hot water tank contains about eighty-

seven gallons, and the air tanks thirty-

five cubic feet.

" An experimental trip was made
with this motor on the tracks of the

New York Central Railroad, east of

Rome. The maximum speed for one
continuous mile was at the rate of

feet with the same initial pressure, the

distance would be doubled."
The advantages claimed for this sys-

tem are, in general, the advantages ot

almost any compressed air propulsion

system and are, therefore, worth quot-

ing:—
" Motors can now be constructed to

run, with a single charge of air, to the

extreme distance required in any ordi-

nary service. The system is cheaper,

both in cost of plant and operation,

than any other.
'

' The motors are independent, and
are not effected, as in other systems,

by the derangement of feeder or cable

lines, station machinery, or by electric

storms. In times of riot, or other

disorder, mischievous persons cannot
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obstruct the running of the cars by
tampering with the source or the con-

ductors of power.
"They require no trolley poles or

wires overhead, and no cable, pipes,

conduits, or other construction beneath
the track.

'

' There can be no escape of current

and no destruction of water and gas
pipes by electrolysis. Their use avoids

not only the unsightly poles and wires,

but also the obstruction which they
interpose to the use of fire apparatus,

and the great expense and injury

involved in tearing up and replacing

pavements for the purpose of putting

in underground construction. The
motors are entirely under control of

the motorman; they start without jerks,

run at any rate of speed desired, and
stop quickly and smoothly by applica-

tion of air-brakes. They avoid all

possibility of accidents from ' live ' wires

and stranded cables. They possess

every advantage claimed for storage

batteries, with none of their defects,

and every merit desirable in a motor,
while free from the objections of elec-

tric, cable and gas systems. They
cannot be stalled on a railroad crossing

in front of an approaching train by loss

of power, as has happened with trolley

lines.

" In the compressed air motor the

weight is spring-supported, while in

the electric motor the weight of the

motor is rigidly attached to the axle.

It has been found, by actual tests, in

passing over an obstruction one-eighth
of an inch high, that the pounding
effect per ton of a rigid load at a speed
of ten miles per hour was seven and
one-half times as great as when the
load was spring- supported, and at

twenty-five miles per hour it was forty-

two times as great, which explains why
electric motors are so damaging to

track, and why the pounding of flat

wheels on such motors is so destructive.

Flat wheels are produced by the excess-

ive pressure of the trolley brake, which
causes the wheel to slide upon the

track.

"Electric cars require an excessive

power in the motors, from the fact that

the independent motors on the axle

cannot be so regulated as to work
synchronously. In one test the variation

was so great that higher efficiency was
secured with one motor than with two,

and on the Intramural Railway, at

Chicago, four 150 horse-power motors
were used to run the train, when less

than 300 horse-power would have been
sufficient with a steam or air locomo-
tive.

"During the last decade great im-

provements have been made, both in

the construction of air compressors and
reservoirs. Responsible manufacturers
will furnish compressors capable of

compressing any needed quantity of air

per minute to any desired pressure at

moderate prices, and guarantee per-

formance. Riveted reservoirs, which
could only stand a very moderate
pressure, are now superseded by reser-

voirs of mild steel without joint, weld
or seam, tested to double the highest

working pressure without exceeding
the limits of elasticity, and capable

of holding the maximum charge with

perfect safety. With such reservoirs,

runs can be made four to five times as

long as was formerly possible with the

riveted cylinders, and capacity for over-

coming grades with an air motor that

is equal to that of a steam locomotive,

being a question simply of cylinder

capacity and of adhesion.
" When trailers are carried, an almost

unlimited increase of reservoir capacity

can be provided by putting reservoirs

under the seats and floors of these

cars. The adhesion of the motors is

amply sufficient to ascend any ordinary

grade, and the cylinders can always be
large enough to furnish power to over-

come the maximum resistance."

Many of the advantages claimed for

this motor are self-evident and, as

stated, apply as well to other com-
pressed air motor systems, but wheth-
er they are sufficient to warrant the

adoption of such a system over

all others as the most desirable, eco-

nomical and efficient method of street

car propulsion, is a question demanding
the most thorough and practical demon-
stration. Some former advocates of
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the compressed air motor have learned

that it is unwise to seek to divert sound
and prudent consideration by a surplus

of enthusiasm.

If street railway corporations will

weigh the question of motive power
thoroughly in all phases, with a careful

regard alike to their own interests and
to the interests of their patrons, the

engineering world and the public will

be satisfied that the fittest has survived,

and that the system adopted, be it

electric or compressed air, is the best

which the age affords.

PRESSING AND DRYING PEAT.

PEAT FUEL IN GERMANY.

By Louis Stern.

THE increasing interest which has,

in late years, been centered in

cheap fuels of all kinds caused
the writer, some time ago, to give care-

ful attention to the process by which
many parts of the German Empire se-

cure their supplies of that compara-
tively inexpensive, but yet satisfactory,

fuel—peat, or turf, and the results of

his inquiries were subsequently em-
bodied in a consular report to the

United States Government. From this

the appended data have been substanti-

ally taken.

Peat, or turf, is used throughout Eu-
rope generally, wherever the ordinary
cost of its production is not materially

increased by cost of transportation.

In the large and small cities, as well

as in the country districts, it is used for

fuel ; in fact, in many localities it is the

only substance used for heating pur-

poses. It is used likewise in industrial

establishments, but its use in locomo-
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tives had to be discontinued in order

to prevent danger of forest and field

conflagration.

According to experts on the subject,

peat is composed of the following ele-

ments, the proportions varying with

the respective qualities of the peat :

—

zone, where the necessary variations of

temperature occur, and where tracts

of land are found whose impervious
beds lead to continual accumulations
of water, while, on the other hand,
other portions of territory, with loose

and penetrable beds, especially in re-

A PEAT CUTTING MACHINE.

Carbon, 40 to 60 per cent. ; hydrogen,

4 to 6 per cent.; nitrogen, 25 to 35
per cent. ; oxygen, 1 to 6 per cent.

;

and ashes, 1 to 15 per cent. Of the

entire superficial area of Germany,
about 5 per cent, is covered by peat

bogs.

Peat is the product of decayed or-

ganic matter. The main cause of the

transformation of vegetable substances

into peat is water of a certain composi-
tion and temperature, which, being al-

most still or flowing slowly in or above
the earth permits of the mossy develop-
ment of swamp plants and at the same
time preserves the latter from total de-

composition by reason of exclusion of

the air.

These reasons are found to exist

more particularly in the temperate

gions inundated by the overflowing ot

rivers, are subjected periodically or

continuously to an extraordinary satura-

tion.

The various theories that have here-

tofore been advanced to account for

the origin and development of peat

bogs generally agree that the moors
are the product of a more or less ex-

tensive decay of certain plants in a mass
of vegetation, which, under favourable

conditions as regards locality, climate,

and moisture, is continually being re-

newed in one section and matured in

another. The upper layer of peat, or

turf, which consists for the greater part

of varieties of moss, is, when broken into

fragments, a loose fibrous substance—

a

mixture of root fibres, leaves, stems,

etc. The bottom layer, known as
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'
' pechtorf, "or " specktorf " (

" pitch

turf"), consists of a black, compact,

pitchy mass, which shrinks rapidly on
being separated into small pieces. It

has, when cut evenly, a smooth, wax-
like surface, and is the most valuable

for heating purposes.

Every rational operation of peat

bogs or moors must be begun by the

draining of the territory to be worked,

and this draining must be undertaken

sufficiently in advance of the working
of the peat moor itself, in order that

the territory in question may attain the

requisite degree of dryness. Even after

this has been effected, the peat still con-

tains water in quantity equal to from 70
to 80 per cent, of its weight, and this

remaining moisture is then almost en-

tirely removed by successive processes

of drying in the air, manipulation with

machinery, or subjection to artificial

heat.

Until within the last few years, manu-
al labour has been employed to work
the peat bogs, but a very ingenious

machine has recently been invented to

take its place. This machine consists

of three lancet-like knives, which, by
operation of a toothed rod, cogwheel,

and crank, are sunk into the peat, cut-

ting out a square piece, which is re-

ceived upon a horizontally working

shelf and removed by a simple revers-

ing of the above-mentioned contrivance.

Another method consists in plowing

and harrowing the bog or moor by the

use of steam power and wire cables,

the material for which is manufactured

at Mannheim.
The process of drying the peat or

turf, in so far as small moors are con-

cerned, consists simply of exposure to

the open air. When extensive ter-

ritories are worked, artificial drying is

resorted to, and the expense involved

in the latter operation is by far the

greatest incurred in the production of

peat.

In Germany the lollowing kinds ot

peat are known :—Cut peat, which is

cut into the form of bricks by hand
spades or special machines ; moulded
peat, which is produced by cutting the

peat moss into irregular pieces, mixing

2-3

it with water and then moulding it into

the respective forms ; machine or
pressed peat, which is the result of

pressing the turf, after previous separa-

tion into pieces and drying in ovens.

In the category of " machine peat " is

also included the so-called " ball peat"
(kugeltorf)—globes of turf about 4
inches in diameter, made by passing

the turf pulp through specially con-

trived appliances.

In the district of Bamberg, the moor
to be worked is first freed from vegeta-

tion, leveled, plowed, and harrowed,
and the loosened peat broken, so as to

be exposed to the action of the air. It

is then gathered by means of a kind of

snow plow, brought to the separating

machine, taken thence to the drying
Oven and the press, whence it issues in

the shape of smooth, shiny, dark brown
bricks. A machine in operation at one
of the chief peat works in Germany, at

Haspelmoor, produces, provided suit-

able material is used, from 10,000 to

A PEAT PRESS.

15,000 bricks in ten hours. Another
machine, requiring six horse power to

work it, can produce from 60,000 to

100,000 bricks a day.

It is reasonable to estimate, on an
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iNOTHER FORM OF PEAT PRESS, WITH CONVEYOR ATTACHED.

average, that ioo pounds of peat are

equal, in respect to the really available

heating capacity, to fifty to sixty

pounds of so-called "pit" coal (hard

coal).

In the peat works at Haspelmoor,
which are known to be a paying enter-

prise, the total cost of producing ioo
pounds of air-dried peat amounted last

year to 36 pfennigs (8.6 cents), which
low figure was secured, however, mainly
by reason of the comparatively low
rate of wages and the inexpensive man-
ner of living prevailing in the neigh-

bourhood.
In Germany the relative cost of peat

as compared with hard coal is as fol-

lows :— 100 kilogrammes (kilogramme
=2.2 pounds) of good Zwickau hard
coal cost at the mine 1.20 to 1.62

marks (mark=is.), while the cost of

production of the same quantity of peat

amounts to from 0.30 to 1.40 marks,
according to quality.

Besides its use as fuel, peat is turned
into account in Germany as a fertiliser

and as building material, it being suc-

cessfully used as a filler for vacant

spaces, separating layers for water-

works, reservoirs, ice nouses, etc. By
means of a process patented by a tan-

ner in Mayence, it has also been made
to do services in tanneries. The waste
or superfluous particles of peat, known
as peat dust, have recently been
brought into extensive use as a materi-

al for filling up and preserving odour-
less vaults, an innovation deserving
strong commendation, especially in lo-

calities where the sewerage is inade-

quate. Hanover and Mecklenburg
alone have from 140 to 150 square
miles, and Bavaria has 22 square miles

of peat moors.



STEAM SUPERHEATING.

By William H. Patchell.

Steam superheating is full of perplexities. Whenever it is discussed, especially before engineering- socie-
ties, we have an excellent opportunity of finding out how little we know about it, and it is on this account
that brief, plain statements of test results, obtained under known sets of conditions, are of special value.
They help more than any quantity of speculative talk to settle the question whether the use of superheated
steam will pay. Mr. William H. Patchell's paper, recently read before the British Institution of Mechanical
Engineers, is the latest welcome addition to the literature of the subject and it has. therefore, been reprinted
here with as much detail as space limits permitted. A few of the tables had to be left out, but those that
remain admirably demonstrate the benefits that the employment of superheated steam may be expected to
yield.—The Editor.

process

mitting"

SUPERHEAT-
ED steam is

steam of any
pressure at a tem-
perature higher
than the tempera-
ture of its evapora-
tion from water at

that pressure. Sat-

urated steam may
be superheated by
imparting addi-
tional heat to it at

a constant press-

ure, during which
its volume increases. By per-

saturated steam of a given

pressure to expand without doing
work, superheated steam at a lower

pressure may be formed. Steam can-

not be superheated in the presence of

the water from which it was evaporated,

owing to the fact that the water takes

up the heat and evaporates into further

saturated steam. The corollary follows

that water cannot exist in the presence

of superheated steam ; either the sur-

plus heat in the steam will evaporate

the water, or, if there be too little sur-

plus heat to evaporate all the water, the

steam will immediately become satur-

ated by evaporating as much of the

water as it can.

Messrs. Fairbain and Tate, Hirn and
Siemens all found that saturated steam
was not a true gas, and that its expan-
sion on the application of further heat

was at first much greater than that of a

perfect gas. When a temperature of

about 20 degrees F. above that of the

saturated steam was reached, the vol-

ume increased at about the same rate

as that of a perfect gas. No data ap-
pear to be yet available as to the ex-
pansion of steam with high degrees of
superheat ; but there is little doubt that

it would be that of a perfect gas. A
marked feature in the use of super-
heated steam is the rapid fall in the su-

perheat from radiation, etc. The rea-

son of this more rapid fall in tempera-
ture as compared with saturated steam
seems to be that the latter owes its

heat retaining properties to the water
spray carried in it. It is only after this

water spray has been evaporated that
the steam becomes a true gas.

The greatest advantage to be gained
by the use of superheated steam is in

engine cylinders, and is due to the im-
mediate absorption of the film of water
on the metal surfaces by the surplus

heat, thereby counteracting cylinder

condensation, which is the heaviest loss

in the expansive working of steam. In
this connection superheated steam
would appear to have an advantage
over steam-jackets, inasmuch as the
heat is applied exactly where it is

wanted, and during the period that it

is wanted, that is, up to the point of

cut-off; whereas a steam jacket wastes
a considerable part of its heat and time
in warming up the exhaust.

That economy attends the use of su-

perheated steam in engine cylinders has
been known at least since 1828, when
Richard Trevithick reported on the en-

gines at Binner Downs mine in Corn-
wall.* The engineer of the mine, Cap-

*l4fe of Richard Trevithick, vol. 2, pages 3r 5
and 313-4.
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tain Gregor, wishing to rival the record

of a neighbouring mine where the cyl-

inders had been cleaned in sawdust,

built in his cylinders and steam-pipes

with brickwork, making a fire-grate

underneath them and flues around.

The results were unexpected, and the

duty of the engine was raised from
forty-one to sixty-three million foot-

pounds per bushel (84 pounds) of coal.

Trevithick tested the 70 inch cylin-

der engine, which, when 5 bushels of

TREVITHICK S SUPERHEATER.

coal were burned in 24 hours under the

cylinder, took 67 bushels under the

boiler ; when no coal was burned under
the cylinder, 108 bushels of coal were
used under the boiler for the same
work, showing a saving of one-third of

the coal by superheating. The steam
pressure was 45 lbs. per square inch,

and the strokes eight per minute. With
the cylinder fires on, 13 gallons of in-

jection condensing water were used per

stroke, and heated from 70 degrees to

104 degrees ; without the cylinder fires,

15^2 gallons of condensing water were
used per stroke, and heated from 70
degrees to 112 degrees. Trevithick

followed this up by inventing in 1832 a

tubular boiler, combined with a super-

heater between the boiler and the en-

gine cylinder ; he also jacketed the cyl-

inder with the waste gases from the fur-

nace. In Fig. 1 is shown the arrange-

ment, copied from his patent No. 6308
of 1832. The external series of vertical

pipes, connected top and bot-

tom to a hollow ring, consti-

tute the boiler ; the super-

I" heating pipes inside it are

formed like inverted siphons,

so as to avoid jointing at the

lower end next the fire. Trevi-

thick had been combating cyl-

inder condensation for thirty

years before this date, having,

in 1802, in conjunction with

Vivian, constructed a non-

condensing engine, the cylin-

der of which was placed in-

side the boiler—a plan fol-

lowed for many years with

much success in agricultural

portable engines by Messrs.

Hornsby of Granham.
Owing, doubtless, to the

difficulty in controlling the

temperature imparted to the

steam, superheating made but

little headway till 1850, when
it came to the front again.

Many plans were then pro-

posed for superheaters and
steam driers in various forms,

both attached to boiler flues

and separately fired. As-
bestos packings and brass

bushes with plumbago plugs were then

introduced to meet the demand for

steam-tight glands under superheated

steam.

Some results then obtained were re-

ported to this institution by Mr. John
Penn in 1859, followed by Mr. John N.

Ryder in i860. Mr. Penn described

the apparatus employed by him in the

Valetta steamer of the Peninsular

and Oriental Co., with engines of 260
nominal horse-power, where the saving
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in fuel due to superheating was 20 per
cent. The superheater consisted of
two horizontal faggots, each of forty-

four 2-inch tubes, placed in the smoke-
box. The tubes were fixed into three
wrought-iron boxes, welded up
at the corners and closed with
a flanged joint. The steam
from the boiler passed into the
centre box, thence through the

tubes into the end boxes on its

way to the engines, taking up
heat from the escaping gases
which would have been other-

wise wasted. The proportions
of the apparatus were given by
Mr. Penn as 2^ square feet of

superheating surface per nomi-
nal horse-power ; the boilers

had a heating surface of 19 square feet

per nominal horse- power. The steam
pressure was 20 lbs. per square inch,

and the amount of superheat about 100
degrees F.

Mr. John N. Ryder dealt with Messrs.

Parson and Pilgrim's apparatus as fitted

on marine boilers, and also Mr. David
Patridge's superheater. The Parson

of 30 to 40 per cent, in fuel ; and on
H. M. steam tug Bustler a mean of

thirty-seven trials with a pressure of

8}4 lbs. and a temperature of 3S0 de-

grees in the cylinders, which is 144 de-

FIG. 2. GEHRE'S SUPERHEATER.

grees of superheat, gave 25 per cent,

economy.
Mr. Patridge's apparatus was a cyl-

inder filled with tubes, placed vertically

in the uptake. The gases passed
through the tubes, and the steam
around them ; the working temperature

was from 360 degrees to 390 degrees.

H. M. steamship Dee was fitted and

FIG. 3. DETAILS OF GEHRE'S APPARATUS.

and Pilgrim apparatus consisted of two
horse-shoe pipes, fixed over the fire-

grate in the internal flue of the boiler.

Tests on the steamers Osprey and Swift
showed a saving over saturated steam

tested for several months by the Ad-
miralty, when an economy of fuel of

from 20 to 25 per cent, was obtained.

An aggregate of about 5000 horse-

power was stated to be then working
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FIG. 4. HICK, HARGREAVES & CO.'S SIPERHEATER.

with this apparatus. Following closely

on Mr. Ryder's paper was one read by
the Hon. John Wethered, of the United
States, at the Institution of Civil Engi-
neers (Proceedings i860, vol. xix),

wherein he animadverted on the futility

of the common kinds of superheater,
and strongly advised mixed or combined
steam, which he claimed to have intro-

duced from America four years pre-

viously.

If superheating was so

common and of such
manifest importance and
efficiency in the saving of

fuel some forty years ago,
the question arises, why
was it given up, and what
factors that led to its aban-
donment have been elimi-

nated in modern practice?

Trouble was formerly
experienced at the valve
faces and in the cylinders

from the decomposition
and destruction, at the
high temperatures of

superheated steam, of the

tallow and the low- class

lubricants then in vogue.
This trouble was twofold
—the cutting and exces
sive wear in the absence
of lubrication : and the

pitting caused by the fatty acids in the

lubricant. On this score, however,
no trouble need now be anticipated

at any degree of superheat likely to

be attained, where good hydro- car-

bon oils are used. Gas engines run in

regular working with a cylinder temper-
ature in the neighbourhood of 2000 de-

grees Fahrenheit, lubricated with good
oil ; and with ordinary care and atten-

tion instances of cutting are not fre-

quent. The common use of metallic

packings for glands, and of piston valves

in place of flat valves, has removed an-

other serious obstacle. In this connec-

tion it will be well to note that pistons

and valves which show little leakage

when used with saturated steam may
show considerable leakage with dry
steam, probably owing to the film of

water on the metal improving the fit

when saturated steam is used.

Much of the trouble that has been at-

tributed to the effects of superheat, in

respect of cut cylinders and valve faces,

has, in the author's opinion, been due in

reality to the effect of alternate super-

heat and water in the steam, owing to

want of proper control of the superheat-

ers. A superheater may give a high

degree of superheat when the fires are

in good order, and at another time may

AND ELEVATION OF HICK, HARGREAVES & CO.S
SUPERHEATER.
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even act as a condenser. The effect of

this alternation demands much closer at-

tention than it has at present received.

A somewhat parallel case is the behav-
iour of a good hydro-carbon cylinder-

oil, which in one engine, with normal
dry steam, leaves no deposit ; whereas
in a sister engine, at the same steam-
pressure, with wet steam, a heavy de-

posit is formed from the same oil.

An instance of a cut cylinder which
had to be re-bored has lately come under
the author's notice, where it appears
from the evidence that the trouble is

not to be attributed either to the degree
of superheat in itself, or to the lubri-

cant, or to neglect on the part of the

engineer in charge, but to the alternate

effects of superheated and wet steam in

the cylinder.

The majority of the old troubles were
met with in the engines ; but the super-

heaters themselves do not appear to

have been always above reproach.

When endeavouring to trace failures to

faults in pipes or joints, the author has
sometimes found superheaters which
were fixed with a by-pass for the steam,

but none for the gases. The boilers

were then worked occasionally with the

steam shut off the superheater ; and it

is not surprising that the latter deterior-

ated rapidly, its position being emi-

nently unsuitable for a combination
of boxes, pipes, and expanded tube-

joints.

Concurrently with the increased effi-

ciencies gained in late years in both
boilers and engines, competition has

also increased ; and with it has arisen

the continual cry for cheaper power,
cheaper transport, cheaper means of

production. The result is that engi-

neers cannot afford to dismiss without

careful examination the claims of any
plan, the adoption of which may dimin-

ish their consumption of fuel. It is this

fact which has again brought superheat-

ing to the front, and has made it the

subject of close enquiry in many quar-

ters. Several kinds of superheater are

now in more or less extensive use ; but

only one of them is a radical departure

from those of forty years ago. Any
change in the others is rather in manu-

facture than in design ; and their par-
entage can be traced by their strong
family likeness.

Gehre's Superheater.
This is in extensive use on the Con-

tinent, and has been introduced into

England by Messrs. B. Donkin &
Co., of Bermondsey. It is shown in

Figs. 2 and 3, and may be either fitted

FIG. 6. THE MCPHAIL & SIMPSON APPARATUS.

in the boiler flue or separately fired.

Some of these superheaters have been
fixed in England, but unfortunately they
have not been tested. Mr. Bryan Don-
kin kindly gave the author a copy of a

test made in Germany, of eight hours'

duration, on a water-tube boiler with and
without the superheater, Table 1. The
heating surface of the boiler was 861
square feet, and of the superheater 646
square feet. The superheater was placed
directly behind the boiler in a special

flue.
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Table i.—Boiler Test With and Without
Gehre's Superheater.

With. Without.
Total coal used during trial 1,550 1,940 lbs.

Total water used duriug trial 15,400 15,100 lbs.

Temperature of feed water 205 201° F.
Superheat iu steam 40° — F.
Temperature of furuace gases be-

fore superheater 6oo° 6oo° F.
Temperature of furuace gases

after superheater 510 — F.

Water evaporated per pound of
coal 9.99 7.82 lbs.

Water evaporated per square foot
of heating surface per hour 2.23 2.20 lbs.

Pressure ofsteam per squai e inch
above atmosphere.. 110-114 no-ii4lbs.

More steam used —
5 p. ct.

Less coal used .. 34 — p. ct.

Less work on eugine — 7p.ct.

Hick, Hargreaves & Co.'s Super-
heater.

By the courtesy of the makers, the

author has been favoured with the fol-

lowing particulars and tests (Table 2)

of their superheating apparatus in a mill

at Bolton. As shown in Figs. 4 and 5, the

apparatus consists of a nest of U tubes,

bent to a large radius at the bottom,
which are placed at the back of a Lanca-
shire boiler where the hottest gases from
the flues impinge upon them. The tubes

are suspended from a tube-plate, form-

ing the bottom of a box, in which they

are fixed by being expanded in the

usual manner. The box is divided down
the middle by a vertical diaphragm, so

that the saturated steam, entering at one
side, passes down and up through the

rupting the working of the boiler. The
Lancashire boiler to which the super-

heater is applied is 8)4 feet in diameter

and 30 feet long, with two flues 2>% feet

in diameter, having nine circulating

tubes in each. The grate surface is 39
square feet ; the heating surface in the

boiler is 1195 square feet, and in the

superheater 1 20 square feet. The area

of passage through the superheating

pipes is 22 square inches. The boiler

pressure is 100 pounds per square inch

above atmosphere. In the tests a por-

tion only of the steam was superheated.

The steam pipes to and from the super-

heater are 3^ inches diameter, and are

provided with valves, which were kept
full open. The main stop-valve on the

boiler is 8 inches diameter, and was
keptonly 5-i6thsinch open. The steam
was taken to the superheater from un-

derneath this valve, and the return pipe

from the superheater was conducted
direct to the main range of steam pipe

supplying the engine. The tempera-
ture of the gases was not taken. The
engine is a horizontal tandem com-
pound, fitted with Corliss valve-gear ;

cylinders 18 1-16 and 36 1-16 inches

diameter by 4 feet stroke. Each of the

tests was of 7*4 hours' duration.

The much easier working of the boiler

liable 2.—Boiler Tests With and Without Hick, Hargreaves Csf Co.'s Superheater.

Dates of Tests.

E895.

Number of Tests
With or Without

Superheater.

February iu-20 2 Without ...

March 1-2. 2 With
March 5-6-7-8 4 With
March 20-21 2 With ._

March 26-27 2 Without ...

Mean
Load.

I. H. P.

3°3-55
290.5
298.06

Water
Evapo-
rated

Coal
Burnt

Water Water Coal npjrr__«.
Evapo- Evapo- Burnt -^^lees.

rated rated per per

neVnour Per Hour - Per Lb -
L H ~R L

"H
-
R S

heatper Hour.
of Cq&} per Hour _ per Roun heat.

Lbs.
5379-3
+706.3
4778.5
5141.1

5492-

1

Lbs.
837.6
667.2

676.5

734-7

Lbs.
6.42

7.06

7.00
6.00 t7.6

Lbs.
2 75
2.29
2.28

2-35

Means ( Without 307.67 5435-7 875.8 6.21 17.6
"j With 299.45 4848.6 688.7 7-°9 t-5-9

Economy in water per I. H. P. per hour, g.6 per cent, with superheating.
" " coal " " "

19
" " "

tubes, and leaves superheated at the

other side. A by-pass valve is arranged
to regulate the flow of steam through
the superheater, because only a portion
of the steam from the boiler is intended
to be superheated. Main valves are

also provided, so that the superheater
can be disconnected for examination, or

even taken out entirely, without inter-

for the same indicated horse- power at

the engine is to be noted. During the

tests of March 20-21 and March 26-27

the load was practically identical. In

the former tests with superheating the

rate of coal consumption was 18.8

pounds per square foot of grate per
hour, whereas in the latter tests without

superheating the combustion went up
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to 23.4 lbs. of coal per square
foot of grate per hour. Where
there is a low and uncertain
chimney draft, this slower com-
bustion alone would tend to

much steadier and more econ-
omical steaming, and would
more than counterbalance any
obstruction in the flues, caused
by the superheating pipes,

which appears to be more im-
aginary than real.

McPhail and Simpson's
Superheater.

This apparatus is the inven-
tion of Mr. Hugh McPhail, and
is manufactured in Wakefield
by McPhail and Simpson's Dry
Steam Patents Co. It consists

of two parts,—the superheater
proper, and the steam gener-
ator of radiating tubes, which
distinguishes it from all other
plans. As applied to a Lanca-
shire boiler, Figs. 6, 7 and 8,

there are two nests of vertical

steel tubes, expanded at top
and bottom into cast-steel

boxes, or "headers," as they
are called in water- tube boilers;

these nests are placed prefer-

ably at the back end of the in-

ternal flues of the Lancashire
boiler, in the down-take, where
the furnace gases impinge on
them and pass between ihem.
One of the top boxes is con-
nected to the usual anti-priming
pipe in the boiler, and the

corresponding bottom box is

connected to a block, which
passes into the bottom of the
boiler, and from which a copper
pipe runs along the bottom of
the boiler under the internal

flues to the front end, and
thence back again to the rear,

where it passes out of the boiler

and into the other bottom box.
The second top box is con-
nected to another copper pipe,

which runs along the boiler

over the internal flues, just

below the water-line, and ends
at the main steam stop-valve.

ENLARGED END VIEW.
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The course of the steam is from the

anti-priming pipe to the first top box,

then down through the superheating

tubes to the first bottom box, whence
it enters the boiler, and, passing through
the lower copper pipe, gives up part of

its superheat to the surrounding water
before leaving the boiler and entering

the second bottom box. It is then fur-

ther superheated in passing up through
the second nest of tubes ; and thence,

passing through the second top box
into the upper copper pipe in

the boiler, it again parts with

some of its superheat before

finally leaving the boiler at the

steam stop-valve.

The complete apparatus thus

consists of two exter-

nal superheaters and
two internal radiators;

and the final degree

ular the amount of superheat in the
steam as it leaves the boiler. It will be
evident, therefore, that this superheater
may be arranged either for improving
the evaporative efficiency of a boiler

and at the same time giving dry steam
at the engine, or for the steam to leave
the boiler highly superheated.

In its complete form this superheater
has been tested and fully reported upon
by several engineers in England, among
whom may be mentioned Messrs. Cros-

land and Michael Longridge.
This type of superheater was

adopted by the author in 1893
at the Maiden Lane station of
the Charing Cross and Strand
Electricity Supply Corporation,

but had to be consid-
erably modified to

suit the Babcock and
Wilcox water tube

A DETAIL OF THE MC PHAIL & SIMPSON SUPERHEATER.

of superheat depends upon the propor-
tion of the superheating tubes to the
radiating pipes. The function of these
radiating pipes is most important, as

they give off to the water in the boiler

the superheat which might be dangerous
in the engines at times of heavy firing

;

and, when the fires are green after

cleaning and the flue gases low in tem-
perature, they prevent any possibility

of the superheater becoming a con-
denser. They thus tend to keep reg-

boiler, as it was found possible to

put only one set of superheating tubes

in the limited space between the top of

the water tubes and the underside of

the drum, and only one set of radiating

pipes in the drum ; so that the arrange-

ment represents only one-half of the

complete apparatus as applied to a

Lancashire or double-flued boiler. The
arrangement is shown in Figs. 9 and 10.

The saturated steam is taken from the

anti-priming pipe to the upper box of
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FIGS. 9 AND 10. MC PHAIL & SIMPSON'S SUPERHEATER APPLIED TO
BABCOCK & WILCOX BOILER.

the superheater, whence it passes down
through the superheating tubes to the

lower box, thence up into the radiating

pipes in the drum, and through these

to the steam stop-valve. The principal

dimensions of the Babcock and Wilcox
boiler are :— 9 x 9 = 81 tubes, 18 feet

long and 4 inches diameter ; total heat-

ing surface about 1827 square feet;

drum 23^ feet long and 4 feet diame-

ter ; width of fire-grate 5 feet 6 inches
;

total grate surface 34.4 square feet.

The principal dimensions of the super-

heater are :— 75 superheating tubes of

1 inch diameter, heating surface 355
square feet ; 1 2 radiating pipes of 2

inches diameter, heating surface 174
square feet ; area through superheating

tubes 58.9 square inches, through radi-

ating pipes 37.7 square inches, and
through steam stop-valve 28.27 square

inches.

Complete tests of one boiler were
made by Professor Kennedy, before

and after the superheating apparatus

was fixed, and the principal results are

given in Table 3 on the next page.

The dynamos are Edison-Hopkinson
continuous-current shunt-wound, driven

by Willans engines.

The great increase in the capacity 01

the boiler will be noted in line 8 ; the

steaming was much easier and steadier,

and at the same time the efficiency of

the boiler improved from 68.4 per cent,

to 74.9 per cent, (line 29), and this

with cold feed. Practically the whole

of the superheat was lost in the range of

steam-pipes between the boiler and en-

gine. The slight difference in water

used per kilo-watt hour may be ac-

counted for by the engine not being in

such good order in the second test as in

the first. It had been thoroughly over-

hauled immediately before the June
trial, and had been in daily use from

that date until the October trial, so that

both valve and piston-rings would be

somewhat slacker in October than in

June. The same cause would affect the

coal consumption, which nevertheless

shows a saving of 13.5 per cent.

The increased capacity and ease in

working of the boiler have been as

marked in its subsequent use with the

superheating apparatus ; in regular

work it is evaporating about 50 per cent.

more than heretofore. At first, the

author had some misgivings as to in-

crustation forming in the superheating
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Tables-—Boiler Tests Without and With McPhail & Simpson's Superheater.

Date of trial
Duration of trial, hours and minutes
Indicated horse-power of engines working at full load

Full output of dynamos, amperes x volts .,

5 Coal burnt, total -

6
" per hour... _

7 Water pumped into boiler, total.
8

" " " per hour ..

9 Mean electrical horse-power
io Total kilo-watt hours (units) __ _.

ii Mean kilo-watts
12 Boiler pressure above atm., per sq. inch
13 Mean temperature of steam on leaving boiler
14 Mean temperature of saturation at boiler pressure
15 Mean temperature of steam in engine-room steam-pipes
16 Mean temperature of saturation at probable pressure in

engine-room steam pipes
17 Mean temperature of feed-water
18 Calorific value of 1 lb. of coal... .

19 Equivalent evaporation per lb. of coal
20 Carbon value of coal per lb
21 Actual water evaporated per lb. of coal
22 Evaporation per lb. of coal from and at 212

23 Evaporation per lb. of carbon value
24 Coal burnt per hour per sq. foot of grate
25 " " " E. H. P
26 Water per hour per E. H. P ._

27 Coal per kilo-watt hour ...

28 Water " "

29 Efficiencjr of boiler, 100 x line 22 s- line 19

30 Temperature of gases leaving boiler....' .. ..

31 Mean chimney draught, inch of water

Without. With.
1893 June 20 Oct. 17

8-15 8-31
I. H. P. 13s 1354-80

75c«xio57/
-J

75o<J x 105^
450a x 105^

lbs. 3,229 4,528
lbs. 389 532
lbs. 28,000 43.655
lbs. 3,457 5.125

E. H. P. 82.15 129.2

686.4 824.2
61.3 97.0

lbs. I3I-3 140.3
Fahr. 355° 377-1°
Fahr. 361.0°
Fahr. 365-1°

Fahr. 358-3°
Fahr. 80.

4

79- 7§"
Th. U. 14,840 14,790

lbs. 15-36 I5-3I

lbs. 1.020

lbs. 8.89 9 65
lbs. 10.50 11.47
lbs. 1.030 1. 122
lbs. n-3 15-5

lbs. 4-74 4 12
lbs. 42.1 39-7
lbs. 6-35 5-5

lbs. 56.4 52.8

per cent. 68.4 74-9
Fahr. 3°9° 376°
Inch. °-3

tubes from the priming water ; but from
examining them closely on several occa-

sions after a run of 4000 hours and
more, and finding them perfectly clean,

he is satisfied on this point. The top
box, by its increase in area over the

steam-pipe, gives a period of compara-
tive rest in the flow of the steam, and
acts as an efficient separator for the

water or scum carried over. A steam
trap, fitted to the box, discharges any
such accumulation regularly, thus pre-

venting its being carried into the super-

heating tubes. The bottom box is also

fitted with a trap to intercept any leak-

age from the steam stop-valve when the

boiler is shut in.

The first apparatus proved so satis-

factory that a second was applied to the

companion boiler in 1894, when the ef-

fect of the superheated steam in the
pipes began to be marked by a decrease
in the discharge from the drains and in

the leakage from joints. There are al-

together seven boilers, of which five or
six are in general use on a common
steam-main. The figures in Table 4 on
page 126 show this effect clearly.

The duty of the boilers having been
increased to the above extent, and the
priming difficulty being quite overcome,
the only limit to the evaporation was the

chimney draught. As the two boilers

were fitted with an independent flue

and chimney, they lent themselves read-

ily to an experiment in this direction.

Having considered several schemes of

forced and induced draught as an aux-
iliary, the author finally decided on put-

ing a fan in the flue at the back of the

boilers. As there was no space avail-

able for any form of economiser between
the boilers and the fan, no attempt could

be made to diminish the loss from heat

in the waste gases. The gain sought
for was in the direction of increasing

the capacity of the existing boilers, so

as to render steaming independent of

the natural effects of foggy or heavy
weather, and, by working the boilers at

a higher rate, to diminish the propor-

tion of radiation losses, which are prac-

tically constant at all loads.

The fan selected is a 72-inch single-

inlet, made by Messrs. G. E. Belliss

and Co., and driven direct by one of

their tandem compound self lubricating

engines, having cylinders 3% and 6
inches diameter and 4^ inches stroke,

working at 150 lbs. boiler pressure and
running at 300 revolutions per minute.

The engine and fan were put in some-
what large for the estimated work, in

order to secure slow speed and quiet
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running, with the result that within a
few feet of the fan it is impossible to
tell by the sound whether it is running
or not ; this is a marked improvement
on many fan engines. A draught in
the flue at the fan inlet equal to a
2-inch

_
water-gauge has been easily

maintained. The usual method of work-
ing is to operate the boilers on natural
draught at times of light load ; and

down day after day for some weeks,
and then raised again with the induced
draught ; and there was an entire ab-
sence of any signs of irregularity or
trouble.

When the boiler is steaming freely,

an iron bar, inserted through the brick-
work to a point near the ends of the
tubes, soon becomes red-hot ; and the
temperature, as taken by a platinum-coil

THE SCHWOERER SUPERHEATER APPLIED TO A BABCOCK & WILCOX BOILER

FIG. 12. DETAILS OF THE SCHWOERER SUPERHEATER.

then, as the load increases, to start the
fan, close the by-pass in the flue, and
work steadily at i-inch water-gauge.
With this draught the superheater
tubes are continually bathed in incan-

descent gases, but not the slightest

trouble has been experienced with them.
In order to test the thorough reliability

of the tubes, and in view of the fact that

trouble was most likely to arise, if at

all, when getting up steam, one of the
boilers was shut in, and the steam let

pyrometer at this point, is about 900
degrees F. At this temperature it ap-
pears to be of little importance whether
the cooling agent is water or steam, so
long as the circulation is kept up. This
circumstance is most interesting in view
of Mr. Durston's Devonport's experi-
ments, reported in his presidential ad-
dress to the Institute of Marine Engi-
neers,* as to the permissible limit

of temperature in a tube or tube-

* Engineering, October 4, 1895.
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Table 4.
—Steam Tests Without and With McPhail& Simpson's Superheaters.

Without and With Superheaters. Without. With.

Boiler pressure, absolute, lbs. per square inch 166 168 157 162
Corresponding' temperature of saturated steam, Fahr 366.5 367.0 362.0 3615
Temperature in main steam-pipe in engine-room, Fahr 359 361 371 375
Fall or rise in temperature of steam, degrees Fahr —7.5 —60 +9.0 +10.5

162

364-5

plate, which he places at about 750
degrees F. ; and in view also of the

grave doubts that are frequently ex-

pressed as to the safety of steel tubes

exposed to furnace temperatures with-

out a perfect circulation of water on the

other side of the metal. What tem-
perature the tubes actually reach, the

author is unable to state ; but the steam
coming out of them is at over 600 de-

grees. The tube- plates would be lower

in temperature than the outer ends of

the tubes, because the gases are drawn
downwards and away from the plates

by the draught. No trace of leakage
at any one of the tube ends has yet ap-

peared.

A further test of the boiler with the

induced draught was made on January
2nd, 1896. It was not possible to shut

off part of the steam ring-main, and to

use the steam on certain steam dyna-
mos only, measuring the electrical out-

put from them, as had been done in the

two former tests ; an evaporative test

only was therefore arranged for. The
stop-valve temperature was measured
about five feet from the stop-valve at

the boiler, on a branch pipe about ten

feet long, connecting the boiler with the

main ring. A mercury thermometer in

a mercury cup, let into the steam-pipe,

was used in this position. Being anx-

ious to get the temperature of the steam
between the superheater and the radi-

ating pipes in the drum, the author had
tried mercury thermometers, which
failed. The difficulties due to the high
pressure and temperature were success-

fully overcome, however, by Mr. F. W.
Burstall, to whose ingenuity and kind-

ness in co-operation the author is in-

debted in this matter. With a temper-
ature of 1058 degrees around the super-

heating tubes, steam entering at 362
degrees left them at 650 degrees, and
after passing through the radiating

pipes in the drum, left the boiler at 403
degrees F. The principal results are

given in Table 5, the boiler being fired

with Welsh steam coal.

Table 5.— Test of Babcock & Wilcox: Boiler
Fitted with McPhail & Simpson's

Superheater.

Date of trial 1896 Jan. 2.

Duration of trial hours 8

Coal burned, total lbs. 8,050
" per hour.. lbs. 1,006.25

Ash and clinker, dry lbs. 476
Water evaporated, total lbs. 66,350

" " per hour lbs. 8,293.75
Boiler pressure above atm. per
square inch lbs. 148.3

Temperature corresponding with
pressure Fahr. 365

Mean temperature of steam at stop-
valve Fahr. 396.6°

Degrees of superheat Fahr. 31.
6°

Mean temperature of feed-water... Fahr. 48°
Actual water evaporated per lb. of
coal.. lbs. 8.24

Actual water evaporated per lb. of
combustible- lbs. 8.76

Water evaporated per lb. of coal
from and at 212° F lbs. 10.16

Water evaporated per lb. of com-
bustible at 212 F lbs. 10.80

Coal burned per sq. ft. of grate per
hour.. lbs. 29.3

Water evaporated per sq. ft. of heat-
ing surface per hour lbs. 4.37

Temperature of gases leaving boiler Fahr. 655°
Mean chimney draught, inches of
water Inch i.n



STEAM SUPERHEATING. 127

Schwoerer's Superheater. factory. Tests were conducted by Mr.

The superheater illustrated in Figs.
0sber

J
t Chadwick before and after the

11 to 13 is the invention of Mr. Emile superheater was fixed, with the results

Schwoerer of Colmar, Alsace, who was Slv
A
en in Table 6

,

on the Allowing page,

for some time private secretary to the _ AJ
test was also conducted by Mr.

late Mr. G. A. Hirn. It was Mr. Hirn Goodman, the superintending engineer

who first took up superheating seriously;
at the Pimping station, under ordinary

and it is due to his energy that so much working conditions from December 8,.

has been done with it in practical work- l894. to January 5, 1895, the engine

ing in Alsace. Mr. Schwoerer's im-
and

1

boi
!55

h
f
n
f

keP t continually at

provements were in the direction of re-
work

-
The

_

fuel used was 86.98 per

ducing the space occupied by the appa- £
ent

-
anthracite peas and 13.02 per cent,

ratus 7 and he attained this end by em- bfff >
the draught being assisted by a

ploying a coil of pipes with gills on Meldrum blower. The results then ob-

them both inside and outside, thus get-
tained were :__

• 1 r 11 1 11 Duration of trial _ 723J4 hoursting large Surfaces in a Small bulk. Feed-water per hour.... 3,223 lbs.

Regulation of the sunerheat bv deflect- Fuelperhour .. 47 i lbs.xvcguidiiun ui liic supcuicdi uy uciicci steam perpumphorse-powerperhour.i 7 . 74 lbs.

ing the hot gases away from the tubes, Fuel per pump horse-power per hour . 2.58 lbs.

rather than by varying the proportion
Mean suPerheat I2I ° Fahr -

of the total steam passing through the These results showed a saving of about
tubes, is due to Mr. Schwoerer, though 15 per cent, on what had been obtained

this regulation does not appear to have before the Schwoerer superheater was.

been generally carried out. fixed.

An application of the Schwoerer su- This type of superheater is also made-
perheater has been made by Messrs. by Messrs. Fraser & Chalmers, Erith,

James Simpson & Co. to a Babcock & who have one in constant use at their

Wilcox water-tube boiler at the Grand works.

FIG. 14. THE SINCLAIR SUPERHEATER.

Junction Water-Works, Kew. The ar-

rangement is shown in Figs. 1 1 to 13.

The boiler is of the same size as those

fitted by the author with McPhail's ap-

paratus at Maiden Lane. Full details

of the trials unfortunately cannot be ob-

tained, but the saving effected is satis-

Sinclair's Superheater.
Another form of superheater is shown

in Fig. 14, which is due to Mr. George
Sinclair, of Leith. There is here a de-

parture from the usual method of secur-

ing the tubes, which in this apparatus,

are flanged and bolted to the cross in-
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let and outlet pipes, instead of being

expanded into them. In such positions

an expanded joint is generally consid-

ered desirable ; but here the joints are

removed from the action of the hot

be gone, if not at the steam-chest, at

any rate immediately on admission to

the cylinder. But even under these

circumstances the advantage of super-

heating is manifest from many of the

Table 6.—Boiler Tests Without and With Schwoerer 's Superheater.

Date Jan. 21, Q3 Dec. 20, 93 Feb. 22, 94 Mar
Degrees of Superheat, Fahr o° 57-7° 109.5°

Steam per pump H P. per hour, lbs 20.98 19-71: 18.75
Saving effected, per cent 6.05 10.63

57-o

19.48

6-7S

gases, and a bolted joint gives much
greater facilities for removing a tube in

order to examine or clean it. In Fig.

14 the apparatus is shown in conjunc-

tion with a marine dry-back boiler, as

fitted by Professor Kennedy at the

Edinburgh Electric Lighting Station.

The arrangement is very compact, and
should prove highly economical. The
hot gases from the smoke-box at the

front are led to the back over the top

of the boiler, passing among the super-

heating tubeSj; thence down the sides

of the boiler^to the centre flue under-

neath it.

It is much to be regretted that so lit-

tle has been done as yet with super-

heated steam at the engine. In nearly

every instance the superheat appears to

tests given above ; and it must be rec-

ognised that, although the steam may
be cooled down again to the tempera-

ture corresponding with the pressure,

it is still dry steam, and is a better

working gas than the saturated solution

of water-dust supplied by an ordinary

boiler. The desirable amount of super-

heat has been generally considered to

be the equivalent of the heat lost by
initial condensation ; but this does not

obtain in practice. The amount of heat

lost in initial condensation is generally

from twenty to twenty-five per cent,

of the total heat of the steam above boil-

ing point. Tests with superheated

steam show a saving of twenty per cent,

with only five per cent, extra heat in

the steam.



THE VALUE OF ENGINEERING PUBLICATIONS IN

LAWSUITS.

By Walter G. Berg.

IN
Cassier's Magazine for March,
1896, there appeared a valuable

article on '

' The Expert Engineer,
'

'

in which the prominent characteristics

and duties of the ideal consulting en-

gineer were discussed, not only in his

relations towards clients in the design-

ing and carrying out of engineering
work, but also in the matter of furnish-

ing "expert testimony" in court pro-
ceedings.

The trials and tribulations, as also

the importance and necessity of the

"consulting engineer," as a distinct

species of the genus H. sapiens inge?i.,

are brought out very effectively by
arguments and statements, presented
from the standpoint of a professional

consulting engineer, and are illustrated

by numerous anecdotes,presumably bor-

rowed from the author's personal ex-

perience or by hearsay from that of his

confreres.

No direct mention is made, however,
of the great value of engineering publi-

cations to the profession, which is one
of the most important elements enter-

ing into the successful prosecution of

any engineering work, and especially

into the general and analytical work re-

quired ofthe '

' expert engineer
'

' drawn
in for professional consultation, or re-

tained in some lawsuit.

Formerly a professional man's library

consisted of a few standard general com-
pendiums and a miscellaneous collection

of tables in the form of a pocket-book
or vade meaim.

During the last twenty-five years en
gineering and technical literature has

been steadily increasing until to-day

there is hardly a specialty in any line

of engineering, architecture, mechanics
or the industrial arts that is not repre-

4-2

sented by special treatises and period-

icals. In addition, the large number
of associations formed for the purpose
of disseminating special knowledge in

each particular line add their quota to

the mass of published data.

The rush of our times precludes the

possibility of an engineer relying solely

on his college text books, supple-

mented by personal observation and
experience. This method would not

give the quick tangible result that is

the aim of every young man to-day.

Hence, the value of consulting the

works of specialists, and more partic-

ularly the technical press, so as to ob-

tain in condensed form and with the

least loss of time the views and prac-

tical experience of others. The men
who keep abreast of the times are the

ones to succeed in the long run. The
technical periodicals are just as much a

necessity to the progressive professional

man as the daily press is for the en-

lightenment of the general reader.

It is usually assumed that the acquisi-

tion of a professional library by young
engineers is an impossibility with the

means at their command, and that the

busy engineer has not the opportunity

to visit public libraries, which are gen-

erally open only during working hours.

But the old adage, "where there's a

will there's away" will apply in this

case. A private working library can

be obtained very readily by a little self-

denial and determination. The cost of

subscriptions to the leading periodicals

in any special line of work is small, and
if the files are preserved they will imme-
diately form the nucleus of a working
library. Follow this rule for five or

ten years, buying, as the opportunity

presents itself, the latest treatises and

129
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special works, supplemented by the

published transactions of the various

technical societies.

A special feature should be made of

collecting general indices of engineer-

ing literature, also the special indices

of certain periodicals or societies cover-

ing their own publications for a long

run of years. With such a private

library at hand, there will be hardly a

question arising in the ordinary run of

work in regard to. which some valuable

information cannot readily be found.

For extended researches the indices

will indicate what books to consult in a

public library. To the expert engineer

a technical working library is just as

essential as a law library to the lawyer,

or medical books of reference to the

physician.

Admitting, therefore, the truth of the

statement that much information and
corroborative evidence can be found in

technical publications bearing on almost

every case presented for adjudication or

examination to the expert engineer, the

question arises as to the particular value

that should be attributed to such data

and evidence both from an engineering

and legal point of view.

Regarded purely as an aid in settling

some engineering question, it will have
to be admitted by even the most casual

observer that published plans and ac-

counts of particular methods of con-

struction and procedure in cases similar

to the one under discussion are of the

greatest value either in establishing

precedents or correcting preconceived
individual views. Recorded data of

tests or the observed results of new
special methods of construction play an
important part in the progressive im-

provement of any particular line of

work. In addition, general articles and
statements, not written with any special

work or set of conditions in mind, but
aiming to cover the subject from a

broad point of view, giving the pros
and cons and analysing the question in

all its bearings, followed by a summary,
accompanied by general recommenda-
tions, will offer the intrinsic feature of

representing the most unbiased opinion

that it would be possible to obtain.

From a legal aspect, for use in law-

suits or proceedings before commis-
sioners, pertinent quotations from pub-

lished works of leading authorities or

extracts from the technical press and
proceedings of societies have the great

value of standing in the light of the

very best impartial evidence that could

be presented, having been written and
published entirely independent of, and
without any possible connection with,

the matter under adjudication. The
presentation of such quotations and the

exhibition of published plans as corrob-

orative evidence of the statements of an
expert witness are perfectly admissible

after proper verification of the authen-

ticity and the professional standing of

the authority quoted. In proceedings

before commissioners or committees,

where the rules relating to the admissi-

bility of evidence are relaxed, the in-

fluence of such data is often much more
marked than personal testimony pre-

senting individual views.

It is not necessary to draw on the

doctrine of infallibility, because an en-

gineer has seen fit to rush into print

;

but it certainly can be claimed that an
author of a general treatise or a special

article in a magazine or in the transac-

tions of a society, or even the writer of

a description of some engineering work,
published in a technical journal of

acknowledged standing, mut have
studied the subject pretty thoroughly

and been cognisant with the principal

facts and arguments bearing on the

case. His general views and conclu-

sions may clash in some particulars

with the preconceived opinions of en-

gineers employed temporarily as ex-

perts, but the fact that the published

statements were made without reference

to the particular case in dispute should

receive careful consideration.

It is only the man of the broadest

gauge and most independent position

in his profession who can be considered

as absolutely unbiased in giving expert

testimony. Every engineer employed
as an expert witness, in fact, every wit-

ness in a case, is generally " sounded "

by the lawyers prior to being placed on
the stand. If the prospective witness
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does not seem to be able to see the case

in the desired light, he is naturally-

passed by. To state that all experts
are biased on the stand is putting it

strongly, but they are biased in the

sense that they have generally ex-
pressed or indicated in a few words,
prior to taking the witness chair, that

they held certain views favourable to

the party employing them. This is

true whether the case involves medical,

engineering or any other similar class

of expert testimony.

Perfectly unbiased and independent
testimony can probably be obtained
only when experts are appointed and
paid by the court or the commissioners
sitting in a case, which is the method
employed in several foreign countries.

The views and reports of such men,
aided by quotations from the published
works of authorities and extracts from
the technical press, will command re-

spect and consideration.

Lawyers usually make a serious mis-

take by considering engineering experts

in the same light as any other witness

in the case. A brief conversation in re-

gard to the particular features of the

case is about all the information the

average expert receives till placed upon
the witness stand. Any engineer, con-

nected with a large corporation trans-

acting business in different cities, will

readily bear testimony to the assertion

that the methods of the various local

counsels, all working for the same com-
pany, vary radically according to their

individual temperament and peculiari-

ties. Some discuss a case minutely

with the engineer, while others actually

wait till court day and then, after a

whispered conversation of a few min-
utes, held in one corner of the court-

room, enter upon the trial of the case,

trusting to their legal instinct and the

inspiration of the moment to pull them
through.

There are lawyers whose inclinations

and ideas are towards scientific and en-

gineering questions, owing to their hav-
ing, in their younger days, been mem-
bers of the " chain-gang " of a survey-
ing party or dabbled in a machine shop,

or who have a hobby of following the

latest developments in science and elec-

tricity. Others, through long years of

experience in corporation matters, be-

come expert in grasping and dealing

with the engineering details of suits en-
trusted to them. But, as a rule, the
engineering expert is capable of render-
ing much more valuable assistance as
an adviser and educator in his particu-

lar sphere than acting merely as an
ordinary witness.

The lawyer should acquaint his ex-

pert with all the facts in the case and
then give him sufficient time to collect

data, not only from his own actual prac-

tice and the practice of others, but also

from the technical literature on the sub-

ject, so as to prepare an engineering

brief to be thoroughly discussed with

the lawyer prior to the starting of the

legal proceedings. This brief and the

subsequent consultation will aid the law-

yer to grasp the technical details of the

case and assist him in preparing a list

of interrogatories and the general line

for conducting the case as far as the

engineering features are concerned.

In drawing on the technical literature

to substantiate views to be expressed or

promulgated by the expert, the entire

drift of the argument employed by an
author, or all the circumstances and
local conditions connected with a cer-

tain class of construction, described in

an article, should be considered. The
reprehensible habit ofextracting isolated

sentences or, still worse, parts of sen-

tences from a book, paraphrasing the

quotations in the manner that advertis-

ing circulars are elaborated, cannot be
too severely condemned. It can be
classed as a species of sharp engineer-

ing practice, contrary to the ethics of

the profession and to all sense of justice

and fairness.

The extent to which this can be car-

ried is aptly illustrated by citing a suit

which turned largely on the allowable

and usual width of the wing-platforms at

small local railway stations. A civil

engineer, who happened to be the

author of a book in which a chapter is

devoted to the subject of railway plat-

forms, was summoned one morning to

appear at once in the case, the fact of
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his being the author of the book men-
tioned not even being known to the

lawyer who called him.

The lawyer on the other side had a

copy of the book in court and was quot-

ing an isolated sentence from it. The
author, after qualifying as expert owing
to his official railroad position, prompt-

ly called attention to the unfairness of

taking one sentence of fifteen words
from his book without offering the con-

text in evidence, which would have
proved that the sentence in question re-

ferred to terminal or suburban stations

where large crowds have to be handled,

whereas ten lines above the excerpted

sentence the width of narrow footwalks,

extending each way along the track

from the main platform at stations of

minor importance, was specifically men-
tioned in detail and fitted exactly the

case in court.

This incident emphasises the great

value of quotations from engineering

literature, as also the serious danger to

be encountered if the quotations are not

made by fair and unbiased witnesses.

It also illustrates the necessity of the

lawyer remaining in touch with his en-

gineering expert throughout the case,

so as to be prepared to parry every at-

tack of his opponents.

It is frequently said that arguments,

supported only by generalisation, sound
well, but are not conclusive. The lim-

its of this article do not admit of ex-

tended detail. It will enhance the value

and point out the possible application

of the general arguments, however, to

indicate, briefly, certain engineering

questions that have actually arisen in

legal proceedings, in which quotations

from engineering literature and the tech-

inical press proved valuable.

The specifications for a highway
bridge prescribed that it should be
" safe to carry a crowd." The specifi-

cations of a number of similar bridges,

published in the technical journals, to-

gether with general data of engineering

authors on the weight of crowds and the

recommendations as to the loads to be
allowed, proved of more value than the

statements of several local engineers as

to the weights they '

' thought
'

' were

sufficient. In a suit relative to the import
duties to be paid on creosote or dead oil of

coal tar, the case turned not only on
excerpts from chemical books, but

mainly on the attempt to establish the

proper classification of the material

based upon its popular nomenclature
and the particular trades and industries

it was used in, as evidenced by numer-
ous quotations from engineering and in-

dustrial books and periodicals.

In a suit by a contractor to get an
extra allowance for rock excavation

outside of the actual theoretical grade
lines of a public street, in the absence
of any specific clause in the contract re-

ferring to the question, the practice of

leading engineers of the vicinity had to

be drawn on, supplemented by pub-
lished specifications for similar work at

other points and also by extracts from

a general treatise on highway construc-

tion.

In the establishment of a refrigerat-

ing plant the efficiency ofthe insulation of

the walls, as furnished by the contractor,

being questioned, some published de-

scriptions and plans of similar installa-

tions, and especially a general article

by an eminent professor on the subject

of the value of various insulating meth-
ods, were utilised.

A heavy piece ofmachinery subject to

severe vibrations was specified to have a
" suitable" bed. The question turned

on what were the essential features for

a bed under these circumstances. A
descriptive article in an engineering

magazine on foundations of steam ham-
mers and heavy machinery established

some of the principal requirements.

A railroad company brought forward

as an element for damages that it was
being forced to build a yard with a
grade across the yard, whereas a yard
should be absolutely level crosswise.

No attempt was made to draw on tech-

nical publications, but, ifthere had been,

data could have been brought forward

showing the practice and the desirabil-

ity of building with a slight grade cross-

wise to allow for side drainage of the

roadbed.

Many similar cases might be cited,

but these few should suffice, in connec-
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tion with the general arguments given
above, to show the importance of the

technical press and literature, not only

as an aid to the engineer in designing and
executing work, but also as a valuable

adjunct to engineering expert testimony.

FRANCIS WILLIAM WEBB, M. INST. C. E.

Locomotive Superintendent of the London and North Western

Railway.

By J. N. Jackson.

CREWE, the great English rail-

way town, the pivotal point, so

to speak, of the London and
North Western Railway,—what en-

gineer has not heard of it? Railway
men everywhere have looked to it for

years as a source of inspiration, a well

spring of profitable experience, and a

visit to its shops, with their army of

workers, toiling unceasingly for the

maintenance of a great railway system,

has always been full of promise of

things worth knowing, of methods and
machinery typical of the most advanced
practice in railway engineering.

The shops date back to 1843, when,
under the superintendence of Mr.
Trevithick, 150 men formed the begin-

ning of a working population that,

since then, has grown to nearly 20,000.

To these shops Mr. Webb came in

185 1 as a pupil, serving there until

1866, by which time he had risen to

the position of works manager. The
five years following were passed by him
as manager of the Bolton Iron and Steel

Company, but in 1871, he returned to

Crewe to succeed Mr. Ramsbottom as

locomotive superintendent, and this

position he has retained to the present

time.

During this period of 25 years the

North Western system developed
rapidly, and with it, as may be inferred

readily enough, Mr. Webb's particular

department of locomotives, which, it

should be said, is not confined simply

to the supply and repairs of locomo-

tives, but which includes, also, the

manufacture and repairs of the general

machinery required up and down the

line, such as cranes, hydraulic and
electrical machinery, signal apparatus,

girders for bridges, and the numberless
mechanical appliances used in railway

working, and it is due to Mr. Webb's
skillful supervision that this vast

amount of work is carried through
with such satisfactory results.

As showing the despatch with which
he can get work turned out when
urgently required, it may be men-
tioned that when, during the great

storm, in 1879, the viaduct at Llandulas,

on the main line of the Chester and
Holyhead Railway, was completely

washed away by the heavy flood, it

was imperative that it should be recon-

structed with the least possible delay,

although a temporary trestle bridge

was thrown over the river to enable the

traffic to be continued. For this pur-

pose forty-two steel girders were re-

quired, each thirty- two feet long. The
order for these was placed in Mr.

Webb's hands, and he immediately set

to work to make them at Crewe, and
within seven days the steel for these

was made, the plates and angles were
rolled, and the whole of the girders

turned out ready for fixing in their

places.

Mr. Webb is the patentee of the sig-

nal interlocking apparatus now in use

throughout the London and North West-
ern Railway, and also of many other



134 CASSIER'S MAGAZINE.

well known mechanical and electrical

appliances connected with railways.

But it is as the inventor of the 3-

cylinder compound locomotive that

he is perhaps best known through-
out the railway world at home and
abroad.

On the introduction of these engines
in 1882 they met with a considerable

amount of adverse criticism, but Mr.
Webb subjected them to such severe

tests in order to prove their effi-

ciency, and the results of the last 13
years' continuous working with the

heavy and fast express trains over the

main line of the London and North
Western Railway have proved that

they possess all the advantages claimed
for them, that they are now generally

admitted to be a success. Of course,

since their first introduction, Mr. Webb
has made many improvements in the

details of these engines, the principle,

however, remaining unaltered, and one
of the last class built—the "Queen
Empress"—was exhibited at the

World's Fair, at Chicago, in 1893,
at the close of which she started on her
homeward journey, running in steam
from Chicago to New York with a

train of two English and three Ameri-
can saloon cars.

Mr. Webb is a member of the

Council of the Institution of Civil

Engineers, a member of the Coun-
cil of the Iron and Steel Institute

and also a life member of the Institu-

tion of Civil Engineers of France.

He is a life fellow of the Imperial In-

stitute, and is also connected with

many other minor institutions whose
members frequently benefit by his ex-

tensive knowledge and experience of

railway and general engineering sub-

jects. He is, too, a magistrate of the

county of Cheshire, and an alderman
of the Cheshire County Council.

As president of the Crewe Mechanics'

Institution he has done much to ad-

vance the intellectual welfare of the

students attending the technical and
science classes held there, and who are,

for the most part, apprentices and
young men employed in the railway

works at that place. He has twice

filled the office of Mayor of Crewe,

—

in 1887, the year of the Queen's
jubilee,— and in 1888 when the London
and North Western Railway jubilee

was celebrated.
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MODERN ENGLISH TRACTION ENGINES.

i?j/ William Fletcher.

AT the present moment the ques-

tion of rapid transport over com-
mon roads is occupying' the at-

tention of many minds. It is a fascinat-

ing subject, and one that has been dealt

with very fully of late. England is

sadly handicapped in the race, owing to

an oppressive law that will not allow

motor carriages to travel more than
four miles an hour in the open country,

and two miles an hour when passing

through towns. Since this law was
passed, some good steam carriages have
appeared in Great Britain, but they
have moved about only at slow rates on
the public roads, and shown their pow-
ers at fast speeds on private grounds
alone.

Practically the light steam carriage

enterprise was strangled in its cradle.

In the meantime, however, a consider-

able amount of thought has been

brought to bear upon the heavy slow-

moving traction engine. The modern
traction engine cannot be dispensed
with, in spite of the irritating opposition

that is raised against it by a class of

persons who object to the employment
of any power, except animal power, on
the highway.
For many years the traction engine

industry in England remained princi-

pally in the hands of three or four lead-

ing makers, but at the present time

there are about twenty firms engaged
in the enterprise, all of which are in a

position to supply the engines. There
are more minds devoted to the improve-
ment of the traction engine than ever,

and there are more men interested in its

development, so that it is no matter for

surprise that the efficiency of the

engine has recently advanced in leaps

and bounds.

i35
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FIG. I. AN AGRICULTURAL LOCOMOTIVE. BUILT BY A NEW HAND.

It is not many years since the En-
glish traction engine showed very little

evidence of drawing office care in its

design. The details looked as though
they had been thrown into position,

giving the engine a very hap-hazard ap-

pearance. There was little attempt to

cover the gearing or working parts, and
the movement of these grotesque and
miscellaneous wheels, rods, and exposed
crankshaft, caused the engine, when in

motion on the road, to look like a fac-

tory out for an airing. We do not

wonder that horses and some men were
terrified when they met these wheezing,
groaning, and smoking abominations
on the highway.

But all this has been changed ; the

engines have undergone a series of re-

visions ; every part has passed through
the mill of the mind. Pleasing and
graceful appearance is now considered
to possess much value, and many have
aimed at this with happy results.

To design a really efficient and neat
looking traction engine requires a con-
siderable amount of experience, and an
ability of a special kind. Even many
years of experience alone do not fur-

nish the requisite qualification. The
designer of a good traction engine must
be able to see, at a glance, whether a
detail is of the necessary form and

strength for its intended purpose.

Mathematical knowledge does not ren-

der much help. In the case of some
designers of good traction engines, this

kind of knowledge was limited ; but
this deficiency has never disqualified a

practical man from producing an engine
that was soon a general favourite among
buyers. Calculations as to proportions

appear to be quite useless ; the sizes and
strength of gearing, brackets and shafts

have been, and can be, decided only by
years of actual work, failure after fail-

ure leading eventually to success.

We know of one engine over the

drawings of which figures ran wild ; cal-

culations were made by the square yard f

but the machine, when built and put to

the test, proved a disastrous failure.

Another agricultural locomotive comes
to mind which was designed several

years ago by an engineer with no expe-

rience in traction engine manufacture.

While the drawings were in preparation

no suggestions were forthcoming from
the foremen, or officials, as all the staff

was new to the branch. The first en-

gine was quickly built, and, without any
delay, was taken from the shops and put
through some severe trials on the road.

It was taken ten miles away from the

works the first day, and made to mount
a very steep hill in fast gear. During
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these trials no alterations or failure of
any kind took place, neither were any
modifications made in the engine after

the test, but it was speedily dispatched
to the purchaser, who had work of vari-

ous kinds waiting- to which the engine
was at once applied. This number one
traction engine gave every satisfaction,

and was christened "Success." Many
more engines were afterwards made to

the same plans, and the makers occupy

speeds for parcel and passenger service
in foreign countries. 5. Self-propelling

ploughing engines.

Any of these engines can be made
suitable for burning wood, straw, reeds,

cotton-stalks, or oil as fuel. They may
be mounted on springs or fitted with
spring wheels. They are made on the
simple, or on the side-by-side compound
plan.

There are two systems of construc-

JG. 2. COMPOUND ROAD LOCOMOTIVE. BDILT BY MESSRS. AVELING & PORTER, ROCHESTER.

a prominent position among the firms

who produce good traction engines.

The engine is shown in Fig. 1, not be-

cause it is a modern type, but because
some interest is attached to it.

The following types of traction en-

gines are made in England at the pres-

ent time :— 1. Agricultural locomotives

for threshing purposes. 2. General
purpose traction engines, used for

threshing and for hauling occasionally.

3. Road locomotives for continuous
hauling work on roads. 4. Light
traction engines for running at quick

tion which must be referred to here, in

order to save much repetition in the de-

scription of the engines. They are

termed four-shaft, or inside gear trac-

tion engines ; and three-shaft, or out-

side gear engines. In a four-shaft en-

gine, there is a crankshaft, two coun-
tershafts, and a main axle ; in a three-

shaft engine there is a crankshaft, one
countershaft, and a main axle.

Messrs. Aveling & Porter, ofRoches-
ter, England, have for many years taken
a leading position in the manufacture of

traction engines. Fig. 2 shows one of
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their compound road locomotives, spe-

cially intended for continuous hauling

work on the roads. The high and low-

pressure cylinders are placed side by
side at the smokebox end of the boiler,

the pistons and connecting rods actuat-

ing a double-throw crankshaft.

In order to place the slide valves close

to the top of the cylinder, the valve

rods are arranged on an incline. Some
of the gearing is placed inside the box
brackets between the bearings. The
side plates of the boiler are carried up-

ward, and at the top a strong casting is

secured. In this casting are combined
the bearings for the crankshaft and the

two countershafts, forming a substantial

arrangement for keeping the spur gear-

ing in proper working condition.

A worm barrel is provided for the

steering chains to coil on, preventing
the chains from mounting, and for tak-

ing up the slack. The feed pump
is fixed on the boiler barrel, the suction

pipe leading direct into the pipe which
connects the two tanks as shown. The
engine parts are boxed in, and the gear-

ing is covered. The equipment is com-
plete, and care has been expended on
the design and construction of this en-

gine so as to render it in every way
worthy of the name it bears. Such en-

gines leave little to be desired on the

scores of simplicity, strength, durability

and economy in working.
The compound engine shown in Fig.

3 is built by Charles Burrell & Sons, of

Thetford. A dynamo is mounted on
the smokebox end of the boiler, for

illumination at night. The engine is

mounted on springs which secure a
great saving in wear and tear of the

working parts. An awning covers the

tender and some of the working parts

of the engine, and a rail is fixed round
the coal bunker in order to increase the
fuel capacity. The water lifter and hose
are attached to the fore tank as shown.
It is very evident that a good appear-
ance has been aimed at with the best re-

sults. This firm has probably built a
larger number of types of road engines
than any other maker, and not one of
these types has fallen short of success.

Fig. 4 shows a twin compound agri-

cultural locomotive made by Messrs.

Foden Sons & Co., of Sandbach. The
cylinders are steam jacketed and well

lagged. The front cylinder covers have
each a cylindrical guide cast with them
as shown. The guides are bored and
turned at one setting, which makes
them absolutely central with the bore of

the cylinders. O n the top of the guides
is fixed a Porter governor which actu-

ates a throttle valve in a direct manner.
The sides of the box brackets are made
of boiler plates, riveted to the arch

plate, and stiffened by transverse plates.

All Messrs. Foden's engines are

mounted on springs. The axle and the

countershaft are securely held together
by links on each side, and the bearings

for both these shafts slide in a strong

bracket. On the top of each bracket
there is a circular box containing a large

square steel spiral spring. The weight
of the hind part of the engine and the

boiler, passes through the springs to

the main axle. There is also a similar

spring on the fore axle, kept in place by
a cylindrical turn plate.

The tires of the driving and leading

wheels are made of tough cast-iron, the
former being shod with steel diagonal

strips. The driving wheels are nearly

seven feet in diameter ; the advantages
of large drivers are too well known to

need any remark here. It will be no-

ticed that a larger number of spokes are

adopted than usual, the iron being of a
smaller section. The water in the sup-

plementary tank under the boiler bar-

rel, is heated by a portion of the ex-

haust steam. The pump draws its sup-
ply from this tank.

Another road locomotive, specially

built for hauling showmen's parapher-

nalia from town to town is shown in

Fig. 5, and is manufactured by Messrs.

John Fowler & Co., of Leeds. The
engine illustrated, enables circus pro-

prietors to be independent of the rail-

way companies, the cost of road haul-

age being from 50 to 80 per cent, less

than by rail. The owner of this engine
says :

— " I may tell you that in passing

through Jarrow-on-Tyne, the engine

and its train of ten wagons had to travel

in awkward streets, parts of the train
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FIG. 4. COMPOUND AGRICULTURAL LOCOMOTIVE. BUILT BY MESSRS. E. FODEN,
SONS & CO., LTD., SANDBACH.
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FIG. 5, COMPOUND ROAD LOCOMOTIVE. BUILT BY MESSRS. JOHN FOWLER & CO., LEEDS.

being in three streets at one time, form-
ing something like an S. In the win-
ter time I frequently travel thirty miles

a day with a load of nearly fifty tons."

The engine is of the double-crank
compound type, and is well mounted on
springs. The vertical play due to the

action of the springs has been regis-

tered automatically when passing over
rough roads. When running at two
miles an hour the vertical movement is

half an inch; when running at four miles

an hour it is about an inch; and when
going at the rate of six miles an hour,

the vertical play is one and a quarter
inches. A dynamo is fixed on a plat-

form at the front, driven by a belt from
the fly wheel of the engine. Messrs.'

Fowler have supplied a considerable
number of these engines, for drawing
from thirty to fifty tons.

Fig. 6 represents one of Messrs.
Fowler's single-cylinder, general pur-

pose traction engines. The illustration

is self-explanatory. All the best feat-

ures of a modern traction engine in-

tended for threshing and general work
are embodied in this example. The

high speed governor and equilibrium

throttle valve render the engine particu-

larly suitable for steady driving.

A newly designed traction engine
made by Messrs. Richard Garrett &
Sons, of Leiston, is shown in Fig. 7.

It is intended for threshing and gen-
eral work. The single cylinder is bolted

to the boiler barrel in the usual manner,
having a wide flange all around for tak-

ing a good bearing on the boiler. The
ordinary slide bars are dispensed with,

and a bored guide takes their place.

The usual link motion has been dis-

carded to give place to a single eccen-

tric reversing gear of simple construc-

tion, patented by Messrs. Mann &
Charlesworth, of Leeds.

Messrs. Garrett's engine is of the

four-shaft type. The governors are

of the Pickering type. The engine is

a substantial piece of work and pos-

sesses all the up-to-date accessories of

the modern traction engine, such as a
winding drum and wire rope, a brake,

and a water lifter and hose pipe for fill-

ing the tank from a brook on the road
side. The drawbar on the tender has
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straps on the sides for taking the strain,

thus preventing the pull of the engine
from making the tank leak.

Fig. 8 represents a very neatly de-

signed agricultural locomotive, made by
Messrs. R. Hornsby & Sons, of Grant-
ham. There are several features of in-

terest that distinguish this engine from
those already described. It is an out-

side gear engine. The box bracket

plates are riveted to the firebox shell,

having transverse plates riveted in be-

tween them to give them the requisite

stiffness. A neat bracket carries the two
slide bars, the governor and throttle

valve spindle, the valve rod guide, and
the bar for the reversing gearing.

The whole of the steel driving gear is

cased in to preserve it from the dust,

-and to suppress noise.

The dome on the top of the cylinder

is in direct communication with the

steam jacket round the barrel of the cyl-

inder, and these spaces combined form
a large reservoir, from the highest part

of which the steam enters the stop valve.

The governor is of the cross-armed or

approximate parabolic type, very sensi-

tive in work. A wooden platform is

provided on the side of the boiler bar-

rel, from which the engine driver can
reach to oil or clean all parts of the en-

gine. Underneath this foot board a

very large toolbox is hung. A round
tray is fitted on the front axle for carry-

ing loose tools, chains, etc. All the

handles and levers are conveniently ar-

ranged, so that one man can, if required,

drive and steer the engine.

The agricultural locomotive shown
in Fig. 9 and built by Messrs. Mann &
Charlesworth, of Leeds, possesses sev-

eral novel features. The ordinary link

motion reversing gear has been dis-

pensed with, and in its place the firm's

patent single eccentric reversing gear
has been applied. This enables one
eccentric and rod to do all that is re-

quired in working expansively when
running forward or backward, and for

reversing the motion. The eccentric

is shifted from full forward to full back-

ward without altering the lead. Its

movement resembles that of the par-
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FIG. 6. SINGLE-CYLINDER ENGINE. BUILT BY MESSRS. JOHN FOWLER & CO., LEEDS.
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FIG. 7. AGRICULTURAL LOCOMOTIVE. BUILT BY MESSRS. RICHARD GARRETT & SONS, LEISTON.

FIG. 8. AGRICULTURAL ENGINE OF MESSRS. R. HORNSBY & SONS, LTD., GRANTHAM.
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allel ruler, as in any position it remains
parallel to the centre line of the engine
and at right angles to the crankshaft.

There are three bearings for the crank-
shaft, and the driving pinions for the

two speeds are placed between two of

these bearings, but outside the box
bracket. The governor is fixed over
an equilibrium throttle valve in the cyl-

inder. By using steel castings in place

of cast-iron the weight has been consid-

jacket have received careful attention.

Bored guides are used instead of the
usual slide bars, and the outer end is

supported by a bracket that serves as a
guide for the valve rod, and a stand for

the governor and throttle valve spindle,

as well as for the details of the revers-

ing gear.

The sides of the tender are flanged
so as to reduce the riveting, increase

the strength and give the tender a

FIG. 9. LOCOMOTIVE BUILT BY MESSRS. MANN & CH ARLESWORTH, LEEDS.

erably diminished without reducing the

strength, or limiting the efficiency.

In Figs. 10 and 11 are shown both
sides of a very well designed agricul-

tural locomotive, made by the well

known firm Messrs. Marshall, Sons
& Co., of Gainsborough. These trac-

tion engines have been improved
from time to time and possess all the

latest devices suggested by a long ex-

perience. It is impossible to speak too

highly of the efficiency and good work-
manship of Messrs. Marshall's produc-

tions. The cylinder is thoroughly
steam-jacketed, and the steam supply,

the circulation and the drainage of the

neater appearance. Some of the gear-

ing is placed in the box bracket ; the
remaining gearing outside the plate is

effectively covered in to protect it from
dust and dirt. The steerage worm
wheel is placed inside the bearing, in-

stead of outside, as is the usual prac-

tise. The engine is fitted with strong
compensating gear, a slip winding drum
and all the usual tools and appliances

for rendering the engine complete and
ready for any emergency to be met
with in regular threshing or occasional

hauling work.
Another prominent firm engaged in

the manufacture of traction engines, is
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Messrs. J. & H. McLaren, of Leeds.

In Fig. 12 is shown one of their newly
designed agricultural locomotives. This

engine is of the four- shaft type. The
weight of the engine has been consider-

ably reduced, in fact there is a desire

among the best makers to take away all

superfluous material in the details and
to replace heavy cast-iron brackets

with much lighter ones made of steel.

By these alterations the strength, and
the efficiency of the engines are consid-

erably increased. Messrs. McLaren,
too, have adopted the bored guide.

The engine is a thoroughly sound and
trustworthy piece of workmanship, the

design embodying the improvements
suggested by seventeen years' experi-

ence.

Fig. 13 shows a single cylinder, gen-
eral purpose traction engine made by
Messrs. Ransomes, Sims & Jefferies, of

Ipswich. This engine is suitably equip-

ped for use in the colonies. The great-

est care has been bestowed on it,

so as to render it as simple as pos-

sible. The number of details has been

cut down to the utmost limit, but in no
case has real efficiencv been sacrificed

thereby. All the latest improvements
have been embodied in the design,

while the workmanship is of the highest

description—equal to the work pro-

duced in the best railway locomotive
shops. The boiler is made entirely of

steel and suitably stayed for a working
pressure of 140 pounds per square inch.

Before being erected the boiler is sub-

jected to a water test pressure of 240
pounds per square inch. The plates

are flanged by hydraulic pressure, and
the riveting is also done by the same
means.
The steel shafts and main driving axle

are carried in brackets, fitted into the

side plates of the firebox shell, which
are extended upward and backward for

the purpose. These side plates are

stiffened by flanged transverse plates

which are riveted in as shown. This
forms a box in which the crank, the ec-

centrics and the first motion gearing are

nicely arranged. The engine is fitted

with compensating gear on the main

FIG. 10 AGRICULTURAL LOCOMOTIVE. BUILT BY MESSRS. MARSHALL, SONS & CO., GAINSBOROUGH.
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THE OTHER SIDE OF THE ENGINE SHOWN IN FIG. 10.

axle, so that it can turn sharp curves

without loss of tractive power. This
gear relieves the axles of much strain,

and, when necessary, the differential

gearing can be locked, so that both
wheels revolve with the axle. On the

main axle the winding drum is also

fixed. This drum is so made that the

steel rope can be paid out as the engine

travels forward,—an arrangement that

effects a great saving of time.

Suppose we wish to haul a heavy
load up a steep hill with the drum and
wire rope. Instead of taking the en-

gine up the hill and pulling the rope
out by hand,- as was formerly done, it

is only necessary to attach the rope to

the wagon to be hauled up and run the

engine to the summit of the hill, paying
out the rope all the time. By pressing

down a spring pin the drum is then put
into gear, and the rope is wound up
without a moment's loss of time. The
whole of the spur gearing is made of

cast-steel, so that breakages are rarely

heard of, and the wear is reduced to a

5-2

minimum. Two speeds are provided,—
one for drawing heavy loads up hill, or

over bad roads, at two miles an hour
;

and the other, for lighter loads on level

and good roads, giving a speed of four

miles an hour. The arrangement of

this gearing is such that only one lever

is required for changing the speed, and
one pinion is thrown out before the

other is put in gear.

All the shafts, axles, piston and valve

rods are of steel. The pins, joints and
general wearing parts are made of am-
ple dimensions for reducing the wear to

the utmost, while special care is devoted
to the proper case-hardening of these

parts. The cylinder is steam-jacketed,

so that neither air nor water can be
trapped and retained in the jacket.

When running on the road, the gov-
ernor is not used, but when the engine

is used, as it can be, for driving ma-
chinery by a belt from the fly wheel,

the governor is required.

A second tank is fitted under the

boiler barrel, carrying an extra quantity
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FIG. 12. AGRICULTURAL ENGINE OF MESSRS. J. & H. MCLAREN, LEEDS.

of water, and both tanks are connected

by means of a pipe. A good bit of road

can thus be covered by less frequent

stoppages for water. A cab is pro-

vided for sheltering the driver from the

sun or the rain ; it also covers the box
bracket and the working parts in it. A
foot plate and ladder are fitted for the

use of the driver when oiling or clean-

ing the engine. On the front axle there

is an iron box for carrying the anchors,

the hauling chains, frost spikes, cotters,

etc. The engine is complete in all par-

ticulars, thoroughly economical in fuel,

efficient in work, handy to manage on
the road and has no details likely to get

out of order or give trouble. The whole
work is very sound and good, and fairly

represents an example of one of Eng-
land's best make of traction engines.

Fig. 15 shows one of Messrs. Ran-
somes, Sims & Jefferies' improved agri-

cultural locomotives of the single-cylin-

der type. A large number of these en-

gines have been manufactured and are

doing excellent service on farms.

A few years ago there was every in-

dication that the compound traction en-

gine would become very popular, but

this result has hardly been realised.

The compound engine has been adopted
in many cases, but those makers who
have specially boomed their compound
engines still continue to make a good
number of. single-cylinder engines.

Some firms say, " We can supply trac-

tion engines made on the compound
principle, but we recommend the single-

cylinder engines, as, with the latest im-

provements, they work very econom-
ically and have only half the number of

parts.
'

' There are other manufacturers

who are prepared to supply compound
engines, but who are rarely asked for

them. The greater proportion of their

orders are for single-cylinder engines.

For continuous hauling work, how-
ever, the compound engine must be rec-

ommended. If this type of engine is

worked at the full boiler pressure of

150 lbs. per square inch, a saving of

thirty per cent, in fuel and water will be
secured. The noise produced by the

exhaust steam also is reduced, which is
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an advantage. The shocks upon the

crankpins, gearing and other working
parts are less severe. An auxiliary

valve is provided which allows high

pressure steam to enter both steam
chests, and both the cylinders ex-

haust into the common exit pipe (the

compound principle being suspended
for the moment), enabling the engine

to start readily with a heavy load be-

cylinder on a wrought steel fixing or

girder, instead of bolting the casting

direct to the boiler barrel as heretofore.

The base of the cylinder and the seat-

ing are planed, so that, having a flat

surface, the joint is more easily made
and retained. None of the bolts pass

into the steam space. For export en-

gines this method of construction pos-

sesses important advantages. Beyond

FIG. 13. COLONIAL TRACTION ENGINE OF MESSRS. RANSOMES, SIMS & JEFFERIES, IPSWICH.

hind. As soon as the engine is under
way the valve is closed. A relief valve

is fixed on the low-pressure steam
chest.

For threshing purposes the com-
pound engine cannot be so fully recom-
mended on account of the reduced
steam pressure employed for thresh-

ing,—from 80 to 100 lbs. pressure be-

ing quite sufficient. Not only so, but

for this work the attendants are often

very unskillful, so that it is an advan-
tage to have the simplest possible en-

gine. The first cost is also a consid-

eration with the threshing fraternity.

While on the subject of cylinders we
may refer to the proposal to bolt the

this there does not seem to be any
great value in the plan.

Now that steam pressures are steadily

creeping up, some makers have expe-
rienced trouble in keeping the joint

tight under the cylinder, around the

steam inlet, but if the joint is properly
fitted there will be no fear of leakage.

In Fig. 16 is given a section of a traction

engine cylinder in order to show the

steam opening from the boiler, and one
method of making a steam tight joint.

It will be seen that the cylinder is tapped
to receive a pipe which passes through
the boiler plate ; on the under side of

the plate a properly shaped washer is

fitted, and a nut is screwed tightly up
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FIG. 14. A SPRING WHEEL.

to it. On the bottom end of the pipe

a steam collector is also screwed.

In Messrs. Ransomes' traction en-

gines this steam joint trouble is nicely

remedied. The cylinders in their en-

gines have no steam inlet hole under
the foot, but the steam is conducted
into the cylinder by a separate elbow,

so arranged that the joint is easily

made and rarely leaks after it is once
fixed in position. The bolts around
the cylinder foot have to make their

own joint only, and if the bolts are

turned taper under the head and fit the

holes in the boiler plate, iron to iron,

without red lead, they will never leak.

The cylinders are always steam jack-

eted. The outside shell is generally

made of good iron, and the liner is

made of specially hard iron and is

forced into its place by hydraulic press-

ure, the annular space between the

liner and the shell forming a roomy
jacket, as shown in Fig. 17. This
jacket space communicates direct with

a chamber on the top of the cylinder,

which answers the same purpose as a

dome. By the arrangement shown,
circulation of the jacket steam is se-

cured.

The steam chests of compound en-

gines are often placed on the outside,

so as to be easy of access for examina-
tion. When placed between the cylin-

ders, they are troublesome to get at,

unless they are arranged some distance
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above the centre line of the cylinders,

in fact, as near to the top of the cylin-

der as possible, the valve rods and
valve faces being inclined so as to point

to the centre of the crankshaft. The
enormous friction of a large slide valve

for a single-cylinder traction engine has

been obviated by the application of the

compound engine ; the high pressure

slide valve is of small dimensions, and,

working on the compound principle, it

is partially balanced.

For want of space we have been com-
pelled to omit some remarks with illus-

trations of rigid wheels, compensating
gear, winding drums and driving gear-

ing. We illustrate, however, at least

one form of spring wheel. Inventors

from the earliest times have been busy
devising spring wheels for traction en-

gines. Some of these answered well,

and many were made, of a few different

types, but most of them soon showed
some constructional defect,—generally

in the quality of the steel of which the

springs were made. The constant jar

on the road caused the material to be-

come so brittle that the spring spokes,

or the volute springs between the arms
and the tires of the wheels, sooner or

later gave way, and there are very few

spring wheels at work at the present

time.

One of the latest examples of a spring

wheel is shown in Fig. 14. The en-

graving represents Mr. Link's wheel,

in which the weight carried is equally
distributed through the various details
of the wheel. One extremity of the
twelve spiral springs is attached to the
double spokes, and the other end is se-
cured to the tee-iron rings. By with-
drawing the pins, any of the springs
can be removed or replaced without in-

terfering with any other part of the
wheel. On the spokes, near the sole
of the wheel, are cast-iron blocks, which
do not touch the inside of the tire, but
sufficient space is allowed for their

movement, and in order to prevent any
play sideways, steel plates are fitted on
to the blocks which fit in and fill up the
space between the webs of the tee-iron
rings.

When a new agricultural locomotive
is sent to a customer, it is usually put
to a few days' heavy threshing work on
several kinds of grain. If the samples
are satisfactory, the engine is next made
to haul the threshing machine through
a ploughed field. If the land be wet,

so much the better as a test of the haul-

ing power. The engine is next coup-
led to a heavy load on the road, and,
if possible, on a steep gradient. In

days gone by we have seen engines
deeply engulfed in a ploughed field and
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Table of Dimensions of Simple and Compound Road

Nominal horse-power 6
Indicated horse-power 30
Diameter of cylinder, single 8 in.

Stroke of cylinder, single 12 in.

Diameter of high-pressure cylinder, compound 5^ in.

Diameter of low-pressure cylinder, compound 9 in.

Stroke of both cylinders, compound 12 in.

Working steam pressure, single 125 lb.

Working steam pressure, compound 145 lb.

Revolutions of engine governing, per minute 180
Revolutions of engine on the road, per minute 240
Total heating surface, single 120 sq. ft.

Grate area, single 4>£ sq. ft.

Total heating surface, compound 108 sq. ft.

Grate area, compound 4X sq. ft.

Diameter of driving wheels 6 ft.

Width of driving wheels 14 in.

Slow gear ratio 25 to 1

Fast gear ratio i7toi
Diameter of leading wheels 4 ft.

Width of leading wheels 8 in.

Diameter of main axle 4>£ in.

Diameter of crankshaft 3X in.

Diameter of crankpin
2>

JA m -

Pitch of first motion spur gearing \% in.

Pitch of second motion spur gearing 2 in.

Pitch of third motion spur gearing 2% in.

Diameter of compensating gear bevel wheels 2^ ft.

Pitch of compensating gear bevel wheels 2% in.

Slow traveling speed in miles per hour 2

Fast traveling speed in miles per hour. . . 4 to 5
Diameter of fly wheel 4 ft.

Width of fly wheel 6 in.

Weight of engine in working trim 10 tons.

Approximate load hauled on fairly level roads 18 tons.
Total width of engine 6 ft.

Total length of engine 16 ft.

.ocomotives

8 10

40 50
9 in. 10 in.

12 in. 12 in.

6}i in. 7 in.

10 in. 11 in.

12 in. 12 in.

125 lb. 125 lb.

145 lb. 145 lb.

180 18,

240 240
160 sq. ft. 200 sq. ft.

6 sq. ft. lYz sq. ft.

144 sq. ft. 180 sq. ft.

5
JA sq. ft. 7 sq. ft.

6^ft. 7 ft.

16 in. 18 in.

27 to 1 30 to 1

18 to 1 20 to 1

A
lA ft. 4^ ft-

9 in. 10 in.

5 in. 5^ in.

3^ m. 3^ in.

3H m. 4 in.

2 in. 2X m.
2% in. 2^ in-

2]/2 in. 2% in.

2^ ft. 2^ ft.

2^ in. 2^/i in.

2 2

4 to 5 4 to 5

4^ ft- 5 ft-

6 in. 6Xin.
12 tons. 15 tons.

25 tons. 32 tons.

6X ft. 6% ft.

18 ft. 18^ ft.

unable to extricate themselves ; but the

modern traction engines of the best

makers are rarely if ever found wanting
in any of the trials. They will traverse

nearly any kind of land with a thresh-

ing machine and stacker behind, and
on good roads they will haul nearly as

much load as is given in the above
table of dimensions. This table is ex-

tracted from the writer's book, "Steam
Locomotion on Common Roads," in

the hope that the dimensions will en-

hance the value of the paper.

It may be thought that the engines

illustrated present a somewhat similar

appearance. This is true respecting

the general arrangement of the parts,

but as regards the details it is very
wide of the mark. There are some
features of the modern traction engine

which have certainly settled into a

beaten track, but we see no reason for

regret if the path leads to highest re-

sults. Slight alterations and improve-
ments are constantly taking place.

Keen competition among the manufact-

urers compels them to make frequent

modifications of the design, so as to

keep abreast of the times. Finality

will probably never be reached, but

the traction engines described here pos-

sess all the well tried devices, show the

best in design and construction and are

undoubtedly the ' 'survival ofthe fittest.
'

'
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By W. E. Hall.

\

IT
is odd, but yet a fact, that

to the majority of people
the payment of a lump

j
sum seems larger than when it

j

it is divided into a number of
~^\ payments of very small

*_. . amount each , even when
<C**>IQ they are the same in the

( aggregate. It is in this

way that we turn our
- backs to the leaks in cost

of manufacturing opera-

tions. Many a plant

has proved an eventual

• failure by attempting to

_.^^ nurse the surplus rather

than by increasing the

investment by the introduction of la-

bour-saving appliances. The reverse is

about as common, for increased invest-

ment must be regulated by the amount
of capital at one's command. There is

a happy medium,—one that is not
reached by guess work, but by a sim-

ple analysis of the conditions that sur-

round every case.

When this analysis shows conclusively

that a handsome return can be obtained,

and the change or addition is still un-
heeded, the fault lies generally with
him who holds the strings of the treas-

ury bag. He is very apt to hold the

view that the expenditure of a lump sum
is that amount of money sunk.

On the other hand, the superintend-

ent is crowded to reduce the cost of the

product, and after giving the subject

close study finally sees a way of doing
so, but he must have additional facili-

ties which means an outlay of money
and there the matter is apt to end.

Competition becomes more severe, and
the management is again called upon to

exercise its ingenuity to bring about the

desired result, when the policy of the

finance department is even less disposed

to go to any outlay of money.
The question of the advisability of in-

stalling new machinery should be de-

cided upon its merits. If the reduction

in the cost by the improved appliances

can be shown to represent a percentage

of saving greater than is averaged by
the plant, the additional expenditure is

justifiable. Some of our pessimistic

friends will argue that the increased

output will be more than the demand
will warrant. The fallacy of this argu-

ment has been frequently and conclu-

sively shown, for the decreased cost re-

sults in a corresponding increased out-

put which eventually reduces the cost

to the consumer and in that way in-

creases the consumption.
The superintendent of one of the

largest works in Belgium is known to

have remarked in one of his recent trips

to the United States that " it is not the

first cost of American appliances that

concerns us most, but that which will

give the greatest output. The time has

come when we must recognise this."

The necessity for the better facilities

was brought about, it was claimed, by
the tendency towards higher rates of

wages and the additional output which
must be obtained per man. The rate

of wages does not concern us, but the

output in proportion to the wages paid

and the fixed charges are the points to

which attention is directed.

In all instances care should be taken

to see that the expenditures are such

as to give the greatest return. It is

not by any means a difficult matter to

be carried away by '

' fads " and to con-

clude that by their use great saving is to

result, while really the contrary may be

found on actual test. There are features

which facilitate rapid operating, such as

151
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the speeds of cranes, convenience in

handling mechanism, the avoidance of

belt shifting, as in direct electric-driven

machines, where it is next to impossible

to more than approximate the saving

that will result by their use. A prac-

tical test is necessary to determine their

efficiency with any degree of certainty.

Sometimes a saving is accomplished
by intuition, which is simply good judg-
ment, based on extensive experience.

The cases, however, where the effi-

ciency cannot be determined in advance,
with some degree of certainty, are ex-

ceedingly few. Let us assume one that

can be analysed. For instance, take
the case where a certain piece of work
is now being done by a machine of very
limited capacity. The question that

first arises is :
— " Can we replace it by

one that will do the same work in less

time, and, if so, what expenditure is

necessary to install it and will the sav-

ing warrant this expenditure?"
We will assume that a machine has

been found that will do treble the

amount of work in the same time as the

one now used and without any increase

in the number of hands to operate it.

The elements that are affected by the

increased output will vary with the nat-

ure of the plant, the fixed charges and
the article manufactured, but they will

always include the cost of handling the

work to and from the machine, and of

the power consumed.
The proportion which the fixed

charges form of the total cost varies

with the arrangement of the plant, cost

of power, facilities for handling the
work, general nature of the business and
efficiency of the management. In many
cases it will be found in about the fol-

lowing proportion, which will, at least,

serve to show the modus operandi to

reach the desired conclusion :—The
fixed charges are assumed as 40 per
cent, of the cost Of the producer, and
with the cost of the material taken as

30 per cent, of the whole, we get the
following approximate division :

—

Per Cent.

Producer. 42
Fixed charges 28
Material m

MAGAZINE.

The fixed charges can be further sub-

divided. This is necessary to obtain

the elements that would be affected by
the increased output that has been as-

sumed. They are approximately as

follows :

—

Of Fixed Of Total
Charges. Charges.
Percent. Per Cent.

Power.: 6. 1.68

Repairs to machinery. 6. 1.68

Taxes 5. 1.40
Repairs to buildings.. 3. 0.84
Shop labour 40. 11.20

Other charges 40. 11.20

100. 28.00

The additional output would not af-

fect the producer cost, but would in-

crease the power, taxes, shop labour

and material, but not as much as in di-

rect proportion as has been assumed.
The total cost of three times the output

obtained by the improved appliance

would then be :

—

PerCent.

Producer ___ 42.

Fixed charges

—

Power 5.04
Repairs to machinery. 1.68

Taxes 4.20
Repairs to buildings . o .84

Shop labour.. ...34.60
Other charges 11.20

Total fixed charges ....' 57.56
Material go.

189.56

In other words, the same product

would cost $189.56 against $300 by the

old method, representing a reduction

in the cost of producing of 36.81 per

cent. On a basis of the producer earn-

ing $3.00 a day, the cost of the product

per day worked by the old appliance

would be :

—

Producer $3-oo

Fixed charges 1.20

Material .. 2. 14

$5.34

A daily saving of 36.81 per cent, of

this is $2.33, or $700 per year of 300
working days. Taking the life of the

appliance as ten years, at an interest of

6 per cent, on the capital invested and
deducting one-tenth of its value each

year for depreciation, shows that this

saving would warrant an investment of

$5384. Any less amount than this for

which the appliance can be obtained is

a saving in addition to the increased re-

turns that would be obtained by the

larger output. The results are almost
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invariably obtained by a less propor-
tionate investment than this analysis

shows to be warranted.

On a basis of the cost of producer of

$3.00 per day, and, for the sake of

argument, we will assume a profit of 20
per cent., the market value of the out-

put per day would be, by the old

method, $7.93 at a cost of $6.34,
leaving a profit of $1.59, less interest

and depreciation. If, however, im-

proved appliances are introduced that

will give three times the output,

and on the basis of the same market
price, the value of the output would be

$23.79 at a cost °f $12.02, leaving a
profit of $11.77 Per day, less interest

and depreciation. This, for 300 work-
ing days, gives $3531, from which the

interest and depreciation of the im-

proved appliances must be deducted.

If we assumed the cost to have been

$5384, this would give a net value of

$2831 when the depreciation is figured

as 10 per cent, and the interest on the

investment at 6 per cent, per annum.
When the increased investment is less

than $5384, these two values approach
each other and it is not an uncommon
condition to find that the investment
pays for itself in one year. It will be
noted that the estimated warranted in-

vestment is based on the actual reduc-

tion in the cost of the product,—not on
the basis of the increased profit that

will result presuming the product is sold

at the same market price. With the old

method, and even assuming the 20 per

cent, to be free of the interest and de-

preciation of the machine, the profit

per year would be $4.77, against $2831.
This condition does not, generally,

exist for any great length of time.

Competition brings about a reduction in

the price of the product, which must be
met by those who expect to continue in

the business, and to meet it requires the

display of equal or even superior skill

and greater ingenuity to do, if possible,

a little better. In this strife the wit of
commercial warriors is constantly kept
at a keen edge. Before this reduction
in price takes place, the plant has made
good returns from its output and the
financial condition has been strength-
ened. This puts the plant in a cor-

respondingly better position to con-
tinue improving, which results in con-
tinued, increased strength so long as

good judgment is used in the selection

of the best appliances and facilities for

the manufacture of this particular prod-
uct. Those that first introduce the in-

novations are the ones that reap the

greatest benefit. This is as it should be.

Another conclusion that we can draw
is that in most cases it is more eco-

nomical to crowd appliances to their

greatest possible output, provided this

is not at a sacrifice in quality of the

work, or at the expense of a too rapid

destruction of such appliances. The ad-

vantage of this is not only due to the

saving in the cost of the product, but
also to the opportunity which it offers

to keep pace with the rapid develop-

ment of labour saving devices. The im-

provements crowd so rapidly upon one
another that unless this is done, better

facilities are upon the market before the

best has been obtained from those which
they are to supersede.

The example taken above is a ficti-

tious one, but it approximates the con-

ditions of some kinds of manufacturing
business where their nature is such as

to require about these fixed charges.

It, at least, serves to illustrate the im-

portance, indeed, the necessity of the

closest study ofall devices of whatsoever
kind that tend to reduce the cost or al-

low of an increase in the output. The
example taken is not an exceptional

one. In fact, it is not uncommon for

appliances to be introduced that will

give many times the output of the old

contrivances, with a corresponding

larger saving.
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Why is it that the friction of machine
bearings, like the efficiency of non-ex-
pansive steam pumps, does not declare
itself? We have roller bearings, ball

bearings, shell bearings, dry and self-

oiling bearings, but they appear and are
discussed without co-efficients of re-

sistance. One cannot form any useful

idea of the merits of a ball or other
bearing except by comparison. If the
co-efficient of a common solid bearing
is 0.05, and with rollers or balls is 0.02,
we know there is a gain of 3 per cent.,

qualified by the relative first cost and
maintenance of the two. We speak of
steam engines by a measure of the
pounds of water or steam consumed; of
the efficiencyofpumps by foot pounds for

each 100 pounds of coal; in percentage of
the efficiency or losses by resistance in

dynamos and motors ; but not of the
transmitting value of machine bearings.
There is a common idea among
some people that a great part of the
power transmitted through bearings is

lost by friction, whereas, if the real

losses were known it would save a great
deal of effort uselessly expended in

inventing rollers and balls to evade such
loss in cases where the refinement costs

more than it comes to. A roller or
ball bearing should always be compared

i54

with a solid one ot equal cost, that is

one of hard materials, carefully fitted, a

ground shell of hardened steel for ex-

ample, and if this were done, the differ-

ence, in so far as frictional resistance is

concerned, would nearly disappear, or

at least would lead to a new estimate of

such difference.

Probably no other kinds of power
plants afford better illustrations of the

tendency to concentration than some
of the modern, splendidly equipped
electric stations in large cities where
ground area has closely approached
the maximum in value and in which,

therefore, economic considerations

have dictated the putting of as much
generating apparatus into as little space

as human ingenuity would permit, with

due regard to satisfactory performance.
In some of these station vertical engines

and boilers in large units have been
installed to the entire exclusion of

horizontal designs, and in others, again,

the saving in ground space thus secured
has been still further augmented by
setting engines and boilers in tiers, one
above the other, giving a ratio of horse-

power per square foot of ground area
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which, a decade ago, would have been
thought quite beyond the limits of possi-

bility. In probably no station in the

world has this concentration been carried

out to a greater degree, or to as great a

one even, as in that of the Edison
Electric Illuminating Company, in

Duane street, in the city of New York.
The ground covered by this measures
200 by 74 feet, and within this area

provision has been made for nine 2500
H. P. engines, two of 1250 H. P. each
and three of 600 H. P., giving a total of

very nearly 27,000 H. P., with a

corresponding boiler plant, or only a

little less than 2 H. P. per square foot.

It would seem, indeed, as though
economy in space could not well be
carried much further.

An interesting, even if not altogether
new, method of demolishing a tall

factory chimney was recently carried
into effect at Manchester, England, in

connection with the Broughton Paper
Mills at that place. The mills have
not been in use for some time, and in

order to admit of the development of
the land for new streets and houses it

was decided to tear them down. The
chimney was octagonal in section, each
of the sides measuring nearly 12 feet,

and went up to a height of 270 feet, so
that the problem of razing it quickly
and cheaply, and, at the same time,

without endangering surrounding prop-
erty, became an important one. The
services of Mr. Joseph Smith, a well-

known "Steeplejack," of Rochdale,
were engaged to bring the structure

down, and according to an account of
the operation published a short time
ago in the London Engineer, he went
about it as follows :—He caused to be
cut away a portion of the base on
five sides, as shown in the sketch
on this page, and about 5 ft. 6 in.

in height, and as the cutting away of
the brickwork proceeded, timber lintels

or carriers were inserted and supported
on props, wedges being used to pack
up the bricks. This was a most diffi-

cult operation, considering the thick-

ness of the walls and cavity to be pro-
vided for—7 ft. 8 in.—and all on the
same bearing. The timbers used were
of common spruce, 9 in. by 5 in., the
number of props being 130, placed 7
in. apart, and perforated for the recep-
tion of resin and other inflammable sub-
stances to insure quick combustion.
Whilst the work of underpinning was
in progress several reports of cracks
were heard from time to time, especially

the day before the fall, when, to use the

expression of the "Steeplejack," the
structure talked a great deal, but as the
timber supports took up the compres-
sive strain, these noises gradually
ceased. When this work was completed,
the spaces between the upright timbers
and surrounding them were filled up
with shavings, pieces of wood, coal

pitch, tar, etc., and over this was poured
a considerable quantity of creosote and
paraffin oil. In the presence of many
thousand spectators, a light was finally

applied to the inflammable material,

and immediately large bodies of flame

RAZING A TALL FACTORY CHIMNEY.

shot up, and smoke poured out of the

top of the chimney and from innumer-
able cracks at various points in the

columnar structure.

The fire continued with great fury,

and during its continuance, Mr. Smith
was busily employed in feeding the

flames with paraffin oil, at various places
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where he desired the timber to be more
quickly destroyed. Subsequently he
ascended a short ladder which he had
reared against the chimney on the

north side—the fire being on the south

side—and after a brief minute examina-

tion of the structure he descended, and
had moved only a few yards away,
when the stack quietly leaned over

to the south, but it had not gone
far out of the perpendicular when
the portion near the base dropped into

itself, and the support being thus re-

moved, the remainder of the structure

literally collapsed in telescopic form
and fell in a southerly direction, the

whole of the debris covering an area of

about 25 yards long—less than half its

own height—by 15 yards wide, and in

the position indicated by Mr. Smith be-

fore the fire was lighted. The time
occupied in the destruction of the

timber supports, i. e., from lighting the

fire until the fall, was about seven min-

utes. Little noise was heard when the

stack was falling, but a considerable

shock was experienced as the heavy
mass fell on the ground. Two tons of

coal, one barrel of creosote, two barrels

of paraffin oil, and about 350 cubic feet

of timbers, in props and lintels, etc.,

were used in the work of destruction.

The chimney was probably the largest

and heaviest one ever brought down in

this way, having weighed about 4000
tons.

The Board of Trade in England,
which is, in a sense, an executive branch
of the Government, in a late report on
"Profit Sharing," says that this

scheme, "as at first conceived, has
been found impracticable and, where
possible, has been without appreciable

results." This is certainly true, and it

may be said obviously so. What work-
men want is the profit on their labour,

—

the difference between faithful and un-

faithful effort ; anything more is patron-

ising and repulsive to a high-minded
operator. What he wants is a measure
for his work as one element in produc-
tion, set off by itself, and this is easy to

do, and is done, in many cases. All

that is required is an estimate for the

work, so wages will follow efficiency.

Workmen do not furnish, nor are they
responsible for, material, expense, or

profit. These are affairs of owners or

employers. Workmen deal with but

one element out of the three that enter

into production,—with labour alone.

The other two, material and expense,

are controlled by owners. Profit sharing

mixes up these interests and is, for this

reason, based upon illogical grounds.

New York's underground trolley

electric street railroad has thoroughly
demonstrated its practicability by run-

ning satisfactorily throughout a winter

season which has been particularly

troublesome to street car traffic by rea-

son of a number of heavy snow storms.

For several years the much-spoken- of

Budapest road and the Blackpool line

in England stood alone as successful

practical examples of this type of con-

struction, while failures of competing
designs seemed to be the order of the

day, chiefly because it was the inventor

who was at work, making paper designs

and taking out patents, and not the en-

gineer. To the latter the problem of

building a street railroad which would
take its power from an electric conduc-

tor in an underground conduit ought,

long ago, have been one of compara-
tively easy solution, had he but taken

it in hand, and the strange part of it

might seem to be that he did not sooner

devote himself to it. One explanation

may be found in the lack of inducement
which probably existed to the construc-

tion of such a road. Overhead trolley

lines were cheaper to build and con-

sequently more alluring to capital, and
in some places, where these were pro-

hibited by local legislation, the cable

system had already been installed and
was giving fair service. With the more
and more certain promise, however, of

greater economy of operation which
electric car propulsion held in view,

and with the ultimate design of extend-

ing the electric system to its cable sec-

tions, the Metropolitan Traction Com-
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pany of New York, decided last year
to take up the subject in a practical

way and the result has been, as stated,

thoroughly successful.

pipe. The hanger bar is ij4 inches
thick and 9 inches long, and the lower
semi-circular socket is attached to it by
a swivel joint.

A little simplicity and common
sense are of vastly more importance in

a work of this kind than any amount of

complex refinement, and this is very
well demonstrated in the plant in ques-

tion. To begin with, the road is of the

simple open-conduit kind, without the

mass of complicated detail which
has proved so serious a draw-
back to the adoption of magnetic
surface contact systems, flexible lip

conduit systems and others of

similar nature. The conduit is of

the typical construction used for

the cable roads. This construction

was followed with the object of

supplying a conduit for a cable

if the electric system should
prove unsuccessful or undesirable.

Through the conduit on each
side the contact bars are carried

by hangers, and are connected
laterally with feeder wires placed
just under the outer shoulder of

the iron conduit casting. As de-

scribed in the Scientific American,
from which the annexed sketch was
re-drawn, the feeder bar is a wrought-
iron pipe of 2 inches outside diameter.

The pipe is inserted in 30 foot lengths

and bonded at the ends with copper wire
connections, bolted into the hanger
slots. The hangers depend upon a
porcelain cup for their insulation, the
cup being corrugated inside and out,

and fitting into a correspondingly cor-

rugated cast-iron cup which receives,

in its central aperture, the iron hanger
rod, all being secured together by
cement. To the lower end of the
hanger rod a socket is bolted, and to

this the pipe, in its turn, is bolted, the
end of the bolt in the pipe passing
through a slot i^-in. long in order to

provide for expansion and contraction

by heat and cold The head of the

bolt is so shaped that it can be intro-

duced into the slot, when, by a right-

angle turn, the bolt is secured to the

This is the construction practically

settled upon definitely, subject, o
course, to minor changes if anything
better can be evolved. The elec-

trical contact apparatus, termed the
"plow," is attached to the car body
and is built up of sheet steel, with wood
and fibre insulation, its form generally

THE NEW YORK ELECTRIC UNDERGROUND TROLLEY ROAD.

being a parallelogram. When it is re-

membered that the slot itself is only y±-

inch wide, it will be seen how accurate-

ly the plow has to be constructed to

correspond to it in size. Its shank
is 7-16-inch in thickness, giving a

clearance of a little over yi inch on
each ^side. To construct the shank,

two sheets of steel, yk inch thick, are

bolted together, and in the centre and
at the ends a central shoulder and end
pieces are inserted for keeping them
^-inch apart, thus providing two pass-

ages between them of this width, and 3
inches long, going all the way down.
This shank is 9^2 inches wide, and de-

scends well into the conduit. On each

side of the lower portion of the shank
are carried the contact shoes. These
are castings, each being 4^ inches X
2^" inches, and ^-inch thick. A single

shoe is used on each side. Thev are
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carried by sheet steel springs, 2^ inches

wide, which press them outward from
the plow frame. Under the influence

of these springs they are pressed against

the conductors with a pressure of about

7 pounds. The upper ends of the

springs are clamped in place by bolts,

wooden blocks and fibre sheet being used
to insulate them from the plow frame.

It has been found that the conduits

do not accumulate dirt, and that the loss

of current is not worse than on an over-

head trolley. The conduit has proved
to be practically self-cleaning, requiring

to be swept out, perhaps, two or three

times in a year, the natural flushing of

the rain doing the greater portion of

the cleaning. It is made, of course, self-

draining. Manholes are placed along

the line, never less than 250 feet apart,

and at these are placed sewer connections

for carrying off rain water. Over each
insulator is a handhole beneath the

street paving blocks, easily reached by
raising a few stones.

The great velocity at which fly

wheels are driven and the consequent
casualties that have become a matter of

weekly report are evidence of slow
evolution in providing for known wants.

The sudden advent of electrical appa-
ratus and its high speeds found people
making fly wheels of cast-iron with a

narrow factor of safety or, indeed, no
factor of safety at all if we consider the

impossibility of detecting inherent

strains and imperfections in this material.

No one can know the value of material

moulded into form at a temperature of

2000 degrees and then cooled down to

a fortieth of this temperature, nor can
they judge internal structure by surface

indications. The fact is that cast-iron

is not a suitable material for fly wheels
that are to be driven at high speed, nor
is it necessary to make them of this

material. There is not even the claim

of cheapness in their favour if the
methods of making such wheels of

wrought-iron and steel were once
worked out. Twenty years ago a Scotch
firm, who had to make a large fly wheel

for a spinning mill, riveted up a box
rim, made from rolled plates and filled

it with cemented masonry or '

' grout '

'

and did a very sensible thing. The
strength of rolled sections is -tolerably

well known, their integrity is beyond
doubt or can be so, and all that is want-
ing is some ingenuity and experiment
to substitute this kind of material. One
reason for using cast-iron for fly wheels
is to attain a section and stiffness of the

arms that will, in the plane of rotation,

resist the inertia and momentum of the

rim. The sections of wrought-iron
spokes required for radial or centri-

fugal strain are by far too weak for the

driving strains, but this is easily pro-

vided for by diagonals as in the case of

other iron structures.

While writing this, an account came
to hand of two steel plate belt fly wheels

designed by Messrs. Thomas E. Mur-
ray and Harry E. Campbell, and built

for the Albany Railway Co. , at Albany,

N. Y., by the Albany Construction

Works of the same place. The wheels

were intended for two of the railway

company's large Cooper- Corliss tandem
compound engines, measuring 20X36X
48 inches and running at 72 revolutions

per minute. Each is belted to a 500
kilo-watt electric generator. One of

the wheels is now running and is giving

entire satisfaction. It is 20 feet in

diameter, has a 50-inch face and
weighs nearly 58,000 pounds, of which
total 32,000 pounds are in the rim. It

has been calculated that the wheel would
stand safely a speed of 250 revolutions a

minute, which is equivalent to a speed
of rim of over 15,000 feet, or nearly 3
miles a minute. The hub is put on the

shaft in five parts and is built up of

twenty steel plates riveted together.

The filler of the hub is of cast iron. The
disks of the wheels are each composed
of two hangers of ^-inch plates, with

joints broken, and steel strips, measur-
ing 5 inches by 24 -inch, covering the

outside joints. These strips are forged

at the rim ends, so as to run parallel to

the face of the wheel. A cast iron
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filler ring connects the disks, bolts pass-

ing through and holding disks, ring and
angle irons at the rim in place. There
are four thicknesses of plate in the rim,

all securely riveted together.

Why water tube boilers and those of

the locomotive type are so extensively

employed to drive electrical machinery,

to the exclusion almost of all other

kinds of steam generator, notably

among these the Lancashire boiler

which, in England at least, has, for a

long period of years, satisfied manu-
facturers of almost all known com-
modities, has recently attracted the

attention of the Engineer, of London.
In the course of a very interesting dis-

cussion of the subject in that periodical

the following partial reason is given for

the circumstance in question:— " When
electric light stations were first designed,

the designers were in almost every case

electricians, not mechanical engineers
;

or at least not mechanical engineers

possessing any considerable commercial
knowledge of the working of steam
machinery. These gentlemen knew
from books that high-pressure steam
was more economical than low-pressure

steam, in the sense, at least, that a

smaller weight of the former than of the

latter would give a horse- power ; so it

was determined that high-pressure

steam must be used. But the Lancashire

boiler was not deemed suitable for

pressures over ioo pounds, so recourse

was had to water tube boilers ; and to

locomotive type boilers because it was
a familiar fact that on railways pressures

of 150 pounds and more were regularly

carried. It is no disparagement of the

water tube boiler to say that the results

of its adoption have not been uniformly

satisfactory. It is, for one thing,

peculiarly exigent in its demands for

good water, and in the second it is

very expensive to keep clean, and if

not kept clean, the tubes split and leak.

The locomotive boiler, again, is a very
admirable steam generator, but it, too,

has its peculiarities. It is the full con-

sciousness of these things that has

induced mill owners to resist all tempta-
tion to use any other than the double-
flued or Lancashire boiler, which has
been recently so proportioned that it

will carry any pressure asked for.

Indeed, it should be almost self-evident

that if a marine boiler, 15 feet or 16 feet

in diameter, can carry a pressure of 1 60
pounds, there ought to be no difficulty

in making a Lancashire boiler of half

the diameter equally strong.

"The mistake committed by the
electrical engineers has been in assum-
ing that the boiler which made steam
most readily, and was most economical
in the consumption of coal, must be the
best. It is just the species of error

into which the non- commercial engineer
is likely to fall. The truth is that

coal represents but one item in the cost

of making steam, and it is not invariably

the most important item. The price

to be paid for water is not infrequently

very large ; and even high-priced water
may not suit either water tube or loco-

motive boilers. Then there is the ques-
tion of wear and tear, the quality of the

steam produced, and many other

matters which must all be considered
before it is possible to say what is the

best type of boiler to put down ; and
all this, be it noticed, has nothing what-
ever to do with the qualities of the

boiler regarded from the theoretical

point of view. It would not be fair,

however, to attribute the adoption of

the locomotive type or the water tube

boiler either to caprice or theoretical

knowledge alone. No doubt installa-

tions were often constructed under cir-

cumstances that rendered it next to

impossible to use anything but the

water tube boiler. There are places in

the Andes where no part of a steam
engine or boiler must weigh more than

200 pounds. Everything has to be
carried on mule back. There are

places in great cities into which it is

equally impossible to convey any large

structure. For such places the sec-

tional boiler is simply invaluable. But
this scarcely suffices to explain the
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favour which the locomotive type of

boiler enjoys. It is not because only

such a boiler can be forced, and other

reasons must be found for its adoption.

That it requires no brickwork, and is

an excellent steam maker, are no doubt
points very much indeed in its favour

;

but, when all this has been said and
admitted, we have still to face the fact

that for places where large demands are

made for steam, day after day, nothing
is so popular as the Lancashire boiler,

or its modifications."

Concerning the much-discussed
question whether wood, charred by
long-continued contact with hot steam
pipes, and thus brought into a state in

which even a slight touch will reduce

it to powder, will ignite from any cause

except actual contact by spark or

flame from an outside source, Mr. Ed-
ward Atkinson, president of the widely

known Boston Manufacturers' Mutual
Fire Insurance Company, cites an in-

teresting example from his own expe-

rience. He says: " Having had occa-

sion to test heat retarding substances

on my own behalf, I once obtained

some sections of beautifully prepared
wood pulp, in slabs of i^ inches in

thickness and of a very porous quality,

which are made use ofin the construction

of refrigerators. My purpose was to

determine whether or not such slabs

could be used to prevent the escape of

heat from a lamp oven. I therefore

raised the heat of my inner oven, which
is a tight iron box, i inch distant on
all sides from an outer case made of

vulcanised and very solid wood pulp,

to a little under 400 degrees F. In the

center of that inner oven, isolated from
any metallic contact with the walls, I

placed one of these slabs and there left

it, subject to heat at less than 400 F.,

for about one hour. I then removed
the front of the outer oven and opened
the door of the inner oven, letting a

very quick and large supply of fresh air

into the chamber in which the oxygen
had probably been, in part, exhausted
by subjection to the hour's heat. The
slab of wood pulp had turned from pure
white to dense black, having been con-

verted into very porous charcoal. In

less than a minute after the fresh air

was let in it took fire and burned to

ashes before my eyes. I then repeated

the experiment with the same result.

Four hundred degrees F. will be de-

veloped by a pressure of steam of 238
pounds per square inch, but the same
carbonisation ensues by lapse of time
even at boiling heat or 21 2 degrees F."
The conclusion to be drawn from this

is evident.
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THE CAR AT HIGH TIDE.

A NOVEL SEASHORE ELECTRIC RAILWAY.

By Magnus Volk.

THE idea oi running a self-propel-

ling car on a railway submerged
in the sea,—decidedly a unique

one,—has been carried into practical

effect at Brighton, England, where a

line, operated in that manner, has been
built as a means of affording visitors to

that resort pure sea air and practically

a short voyage without the discomforts
of seasickness, and also as a means of

opening up the views of the bold sea

coast there, between the terminals of

the line.

The project originated with the au-

thor and parliamentary powers for its

execution were obtained in 1893. The
actual work of construction was com-
menced a year later, in June, 1894, the

interval having been occupied in secur-

ing the necessary licenses from the

Board of Trade, the Crown, and the

Corporation of Brighton. The line

commences at the eastern end of the

Brighton Electric Railway and extends

a distance of three miles to the village

of Rottingdean, a favourite summer re-

sort. There a small iron pier has been
erected for the cars to run alongside,

—
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ALONG THE LINE AT LOW WATER.

the pier being available also for steamer
traffic and promenading. At the Brigh-

ton end of the line an iron jetty has

been erected and a building containing

commodious waiting-rooms and offices

was built on it.

The coast is bold along practically

the whole distance, with chalk cliffs

varying from 60 to 120 feet in height,

and as the rails are laid a considerable

distance from the shore, a fine view of

the coast is obtained. The rails rest

on concrete blocks, made in situ, about
three feet apart, mortised into the sound
rock, the height of the block varying

with the irregularities of the shore. A
shifting sand of very moderate depth
covers the rock in places, but the rails

were laid sufficiently high to prevent

any trouble from accumulations on them.
The steepest gradient is one to 300,
and the radius of curves, 40 chains

(2640 ft.).

The line consists of four rails (54 lbs.

per yard) laid as two tracks of 2 feet 8^
inches gauge, spaced 18 feet between
the outer rails, thus giving an effective

gauge of 18 feet, this being rendered
necessary to give the required stability

to the cars. The rails are secured by
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steel clips and bolts, the latter being

embedded in concrete. Oak blocks,

through which the bolts pass, are placed

between the rails and the concrete

blocks. Tie rods are also used every

10 feet on the straight, and every 5
feet on the curves, and heavy angle

fishplates are used for the rail joints,

the rail being in 30 -ft. lengths.

The depth of water over the rails at

high tide is 15 feet. Although the

most violent gales experienced for many
years occurred during the winter of

1894-5 no damage whatever was done
to the permanent way, so the fact that

it possesses ample strength to resist the

force of the sea has been demonstrated
in a satisfactory manner, and no ac-

cumulation of seaweed, or other mat-
ter, has taken place at any time.

The car, which was built by the

Gloucester Railway Carriage Company,
is a structure on 16 wheels, each 33 inches

in diameter, carrying the passengers at

a height of 24 feet above the level of

the rails. The four main legs are tubes

of drawn steel 11 inches in diameter.

At the bottom of each leg is placed a

bogie truck, having four wheels, the

outside of the bogie being shaped like

an inverted double-ended boat to facili-

tate its passage through the water, and

also to remove any obstructions from
the rails. The four bogies are firmly

held together by steel tubular struts.

The wheel base is about 28 feet and
with the already mentioned effective

gauge of 18 feet, gives great stability.

The tops of the main legs are firmly

built into lattice girder work carrying

the deck, and the whole structure is

firmly secured by cross ties. It is of

greath strength, although offering but

a small surface to the force of the

waves. The main deck appurtenances

and erections are carried out exactly as

if for a steam yacht, and measure 50
feet in length and 22 feet in width. The
railings round the deck are of iron with

a wooden top rail and wire netting. An
ample supply of seats, with reversible

backs, is provided to enable passen-

gers to face the direction in which the

car is going.

The centre space of the deck is oc-

cupied by the saloon, a structure 12

feet wide by 25 feet long, provided with

plate glass windows all round and a

large central ottoman, fitted with a box
between the backs in which are placed

palms and flowers. The centre of the

ceiling is occupied by a stained glass

dome and the interior decorations are

carried out in a simple but effective

AT LOW TIDE.
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manner. The roof of the saloon is

railed round and forms a promenade
deck, seats being placed over the glass

dome and over the centre of the saloon.

On the lower deck is placed the con-

trolling apparatus for driving and stop-

ping the cars. The total accommoda-
tion is for 100 to 150 passengers. As
the journey is short and will be under-

taken more for the sea air than for

quickly making the trip, the speed is

wire, the latter being carried on hand-
some steel poles.

Mr. St. Geo. Moore, of Westminster,
was the engineer, in conjunction with the

author, the work being carried out un-
der the latter' s supervision.

While at St. Malo, in France, there

is a structure which is pulled across the

harbour by means of a chain, over a

distance of about no yards, the line

here considered is essentially different

fjP*-^
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THE CAR INTERIOR.

kept between six and eight miles an
hour.

The driving machinery consists of

two 30-horse power electric motors,

placed vertically immediately over two
of the main legs, one on each side of

the car, the shafting being carried down
inside and communicating with toothed

gearing which actuates the wheels. The
brakes are worked by rods passing down
the remaining two legs. The current,

at 500 volts, is conveyed to the car by
means of a trolley pole and overhead

in design and construction and stands

alone as a sample of original railway en-

gineering. Owing to tidal difficulties

the work had to be carried out in sec-

tions, and most of the material had to

be lowered over the face of the cliff.

The undertaking was strongly sup-

ported by Mr. Edward Overall Bleacky,

Mr. J. J. Clark, J. P., and Mr. R. L.

Pope, J. P., all keen business men with-

out whose help, both financially and

otherwise, the line could never have

been completed.



WATER WORKS MACHINERY.

By Charles L. Newcomb, M. E.

HE Moss-
covered
bucket

which hung in

the well
'

' is

typical of water
works machin-
ery in one of its

simplest forms.

Its very exist-

e n c e teaches

man's superior-

ity over circum-

stances, for
while Nature
says that water

cannot run up-

hill, man insists that it shall. The
counterpoise, an addition by some un-

known genius, by balancing the parts

and distributing the work so that all the

labour will not come on the up-stroke,

involves an important principle without

which many more elaborate machines
would fail, and the old wooden rod to

which the bucket is attached is such
a beautiful combination of lightness,

toughness and strength that nothing
better has yet been found for the long
" sucker-rods " of modern deep well

pumps. For positive action, too, no
pumping engine has less slip than this

primitive bucket when once fairly

started on its stroke.

Water is recognised as one ot the

essentials of daily life. We are familiar

with the workings of the gigantic ma-
chinery of Nature by which vapours are

raised from the ocean, condensed into

clouds, collected into rain-drops,

brought to the earth by gravity and
forced onward through rivulets and
rivers to the lower level again. Some-
where in this perpetual series ot opera-
tions is introduced the machinery of

168

man, and as water is essential to life in

nature, so the control of this supply is

necessary to the life and growth of

civilisation.

If the relative levels of the place of

habitation and the surrounding coun-

try are such that by simply arresting or

diverting the supply it can be made to

flow to the desired point, we have the

"gravity system." If the supply has

fallen below the desired level, but is

abundant and still moving toward a

lower point, we have the features fav-

ouring a power pumping plant in

which the force derived from the fall of

a large body of water drives a small

portion of it to the necessary

elevation. If the quality of the supply
is satisfactory, but the location demands
the application of some outside force to

make it available, we have the condi-

tions usually requiring a steam pump-
ing plant. The gravity system, as it

requires only fixed parts, such as dams,
wells and piping, and no machinery, is

not within the scope of the present dis-

cussion. Steam and power plants, in

the order of their capacities, will re-

ceive consideration.

Suppose for the first problem that

we have a group of houses, to be sup-

plied from a small stream, flowing

through a ravine, a hundred or a hun-
dred and fifty feet below. This requires

as small a plant as can be properly

designated as a water works, but, if

suitably arranged, it presents some in-

structive features. A serviceable steam
plant would be a small duplex steam
pump and a vertical boiler, compactly
arranged on the same base. With a

pump having 6-inch steam cylinders,

4-inch water plungers and 6-inch stroke,

and a multitubular boiler—about 30
inches in diameter and 6 feet high, the
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apparatus would readily deliver 50 gal-

lons of water a minute. The maximum
capacity is largely in excess of this, but
economy in the operation of the boiler

and the durability of all parts will be
increased by allowing generous pro-

portions.

The vertical style of boiler occupies

small space, and insures a free draft,

and the circular fire-box requires less

skill for economical firing than any
other form. The pump exhaust is

usually carried to the stack to improve

A DUPLEX PUMP AND VERTICAL BOILER COMBINED.

the draft. The grates in this style ot

boilers are always provided with some
dumping device to facilitate cleaning.

The convenient arrangement of this

slight detail will add much to the com-
fort and morals of the attendant. At a

slight additional expense some simple
form of shaking grate can be secured,

which here bears the same relation in

utility to the plain grate as in domestic
economy. The duplex style of pump
is a model of simplicity. Two steam
pistons are directly connected with

their respective plungers and the steam
is distributed by plain slide valves,

operated by the most simple mechan-
ical connections with the piston rods.

Having selected a suitable apparatus

it should be provided with an appro-
priate house. The compact arrange-

ment of parts already mentioned will

permit an inexpensive structure, but it

may be remarked that, contrary to a

quite prevalent notion, the building

should not fit the machine like a gar-

ment. There should be space for ex-

amining the pump, taking out the rods,

wielding the poker and storing and
handling the coal. It may also be said

that a pump is not like photographic
material, to be kept from daylight.

Good light will secure better care,

better lubrication and increased dur-

ability.

The exact location of the pump, with

reference to the supply, will depend
upon the details of the situation, but

certain general principles must be ob-

served. The suction lift should be as

small as possible, for, as

the greatest theoretical suc-

tion lift cannot exceed 30
feet, and is practically much

^ less, it is obvious that a de-

pression of the pump level

through this slight range
will not add appreciably to

the total forcing height, but
will materially assist in giv-

ing to the pump an abundant
supply.

If it be found necessary

to bring the suction supply
through piping for some dis-

tance directly to the pump,
this pipe should be of ample size, and
have as few bends as possible. Three-
inch pipe, to match the usual suction

opening on the pump, is a proper size for

ordinary lengths, but the resistance due
to friction in the pipe adds practically

nearly a foot to the suction lift for

every hundred feet in length of pipe.
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Often when the supply is not con-

venient to the pump-house, the water

may be brought by natural flow,

through drain tiles, to a small well,

more favourably located.

This point of factional resistance

should also be considered in planning

the discharge piping. The size is not

fixed so absolutely as with the suction,

for we have a pressure to be produced
by the pump, instead of the fixed

atmospheric pressure at our command.
But the best proportions, in both small

and large plants, should have due
attention.

To allow an unnecessary margin in

the size of pipe will add needlessly to

the first cost. To go to the other ex-

treme and so reduce the size that a

heavy increase in the constant load

upon the pump will be produced, will

make a saving in the cost of pipe, but
the cost of excavation will remain the

same and the running expenses will be

permanently increased. Between these

limits the best selection to meet a given
case can be readily made when the

principle is understood. Most of the

trade catalogues relating to pumps and
piping, give tables by which the friction

for various capacities, sizes and lengths

may be readily estimated.

In the arrangement of the discharge
piping one of the requisites is a storage

tank, interposed between the main de-

livery and the service pipes; otherwise,

the pump must be kept in constant

operation and even then there would be
annoying fluctuations, according to the

varying demands. This tank should,

of course, be so located that the serv-

ice pipes will be filled by gravity.

The capacity should be such that the

entire twenty-four hours' supply can be
pumped within a reasonable working
day or less. A simple float and signal

arrangement can be used to indicate

the water level in the tank.
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In the discharge pipelrom the pump,
and near to it, should be placed a serv-

iceable, free-opening check-valve.

This will automatically retain the water
when the pump is stopped or opened
for inspection, and, when the pump is

working, will prevent any pulsation in

the water column from reaching the

pump.
For a small power-pumping plant we

will suppose the situation to be similar

to that just described. We will take
the same group of buildings to be sup-
plied, and the ravine far below it,

through which flows the stream of

water. But let us suppose that this

stream has a volume largely in excess

of that required on the heights above,
and that other conditions are such that

the power of this stream can be utilised

for pumping. It is evident that such
an arrangement would effect a saving in

running expenses, as no fuel and but
slight attendance would be required. The
difficulty is that conditions favourable

to power-pumping are more rare than

those simply providing a sufficient

quantity of water to supply the pump.
Undoubtedly the simplest form ot

power pump, if we may use the term so

broadly, is the hydraulic ram. This
familiar piece of mechanism is so lim-

ited in capacity that it cannot be termed
a water works machine, but it is proper
to say, in passing, that the apparatus

may sometimes be used to advantage
when the demands are very small.

It acts upon the principle that when
the power stream is allowed to flow

through a long pipe, terminating in a

valve, capable of closing by the force

of the current, but normally held open
by a weight, this current will gradually

acquire such velocity as to close the

valve. The sudden recoil, thus pro-

duced, forces a small quantity of the

water through a suitable valve into

the delivery pipe. The escape valve

then opens again and thus the opera-

tion is continually repeated. The es-
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ELECTRICALLY DRIVEN THREE-THROW POMPS. BUILT BY MESSRS. EASTON,
ANDERSON & GOOLDEN, LTD., LONDON.

caping water is expended in pertorming
the work, and the water forced upward
by the repeated pulsations represents

the work done. There are no working
parts, except the valves, and no attend-

ance whatever is required.

In a regular power pumping plant

there is usually a turbine water wheel
as the motor, and a pump consisting of

an arrangement of water cylinders,

pump plungers and valves, working on
the same principle as the water-end of

a steam pump, although often differing

considerably in details, to adapt it to

the special service. Between the pump
and the wheel are suitable connecting
rods, cranks, shafts and gearing. For
small capacities the triplex style of

power pump is a serviceable form. It

has three vertical, single or double-act-

ing plungers and three cranks, setat 120
degrees with one another, are directly

connected by suitable rods to the three

plungers.

Some of the advantages ofthis style ot

pump are that the successive action

of the three plungers gives a very
smooth and uniform delivery ; the

plunger stuffing boxes are external,

easily reached for re-packing ; and

'

' slip
'

' or leakage past the plungers is

impossible.

In steam plants of much larger

capacity than that which has been
described, it might be supposed that

the same style of machinery could be
used by simply increasing the size ot

the various parts. But, practically, a
point is soon reached where the ques-

tion of steam economy becomes im-

portant. A plain duplex pump con-

tains the simplest and least number ot

parts possible for performing the work.
This simplicity of construction is of the

highest importance in a small plant.

But with one set of steam cylinders and
no fly-wheel, it is necessary to admit
steam to each cylinder during the entire

length of the stroke in order to main-

tain the motion. In beginning the re-

turn stroke, this cylinder full of steam,

at nearly boiler pressure, must be ex-

hausted to the atmosphere and its ex-

pansive force thrown away. In a steam
engine the admission of steam ceases

early in the stroke and the remaining

work is done by the expansion of the

steam and the momentum of the fly-

wheel.

There is a way of using the steam
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expansively by the addition of another

set of cylinders and yet retaining all the

other features of the direct- acting

pump. This style of construction gives

us what is known as the compound
duplex pump. This is exactly like a

high-pressure pump, except that the

steam, after being used in the smaller

the net result is a forward impulse,

combining with the force of the direct

steam in the smaller cylinder, as both
pistons are attached to the same rod.

As the increased power, due to the low
pressure cylinders, is secured without
any increase in steam consump-
tion, which is that required to fill the

COMPOUND RIEDLER PUMPING ENGINE. BUILT BY MESSRS. FRASER & CHALMERS,
ERITH, ENGLAND, AND CHICAGO, ILL., U. S. A.

Cylinders 11^ and 18% inches. Stroke 14 inches. Capacity 800 gallons a minute
at 200 revolutions.

cylinders at the end, next passes to the

larger cylinders instead of exhausting to

the air.

At each stroke the smaller cylinder is

filled from the boiler and the larger

cylinder is filled by the expansion of the

steam exhausted to it from the other

end of the smaller cylinder during the

movement of the piston. With the

pressure on the larger piston there is at

the same time a back pressure upon the

smaller piston, but there is such a great

difference in the areas of the two that

high-pressure cylinders, more work
can be performed with the same quan-

tity of steam when used in this way.
The tendency to condensation is

greater when the cylinders are com-
pounded, because the expansion occurs

in them, and the increase in volume
produces a decrease in temperature.

Added to this is the cooling of the

cylinders by radiation. The latter loss

may be diminished by the use of some
form of plastic covering as a non-con-

ductor upon the cylinders, which is
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usually surrounded by an ornamental

casing of Russia iron or wood.
A compound pumping engine with 8

and 1 2-inch steam cylinders, 7-inch

water plungers and 10-inch stroke, has,

at ordinary speed, a capacity of from
200 to 300 gallons per minute, and it

will readily deliver this quantity,

through suitable connections, to an

elevation of 150 feet. By varying the

proportions of steam and water ends
the best size for any given pressure can

be selected. Following the same
general design, but increasing the size

of all parts, a larger capacity may be
secured. This plan of steam economy,
by the addition of low-pressure cylin-

ders, is the first step in this direction.

able springs to determine the pressure

at which the piston shall move, and
connections from the piston to a steam
throttle upon the engine. Any varia-

tion in water pressure will, therefore,

make a corresponding change in the

steam supply and, consequently, in the

speed of the pump. Thus, a fall in

water pressure will produce an increased

speed of the pump, a larger delivery of

water, and tend to increase the pressure.

When this increase is accomplished, the

regulator will act in the opposite direc-

tion and reduce the steam supply.

These movements of the valve take

place constantly and automatically and
are designed to preserve an even
pressure in the water mains. When

Two regulating devices which are
frequently used on small pumping
engines may be properly mentioned
here. Pressure regulators usually have
a piston, acted upon by the water
pressure in the discharge main, adjust-

properly arranged, such devices effect

a saving in steam and improve the

service.

Speed regulators guard against the

increase of speed in the pump beyond a

safe limit and keep it running at any
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speed at which the apparatus may be
set. By a sudden fall in water pressure,
either with or without a pressure regu-
lator, sufficient load might be removed
from the pump to make it start off at a
dangerous speed. The speed regulator
is designed to meet this difficulty.

Although the large, high-pressure
pump is not advisable for regular use,

it has its appropriate place in water

there should be duplicate boilers, either
one to be used regularly, and the pair
when necessary.

The style of boiler best adapted,
everything considered, to such a plant
as that just described is the horizontal

WATER STEAM

PUMPING ENGINE

ENGINE ROOM
27'x 29'

CONDENSER

PLAN OF A SMALL MODEL PUMPING STATION.

works service. If, for the ordinary

service, one compound pump is needed,

and a size is selected having a fair mar-
gin in capacity to provide for future in-

crease in demands, the next thing

necessary is to provide for emergencies.

Growth of the village is gradual, and
by beginning with a pump, operated at

very moderate speed, an increase of

fifty per cent, in capacity can be made
without further outlay for machinery.

But the future growth is usually so cer-

tain that it is wise to provide space in

the pump house for a second pump.
In this extra space may be placed a

high-pressure pump of about the same
capacity as the compound. This extra

pump would not involve the outlay re-

quired for a duplicate compound, and
for the brief intervals when this com-
pound pump might be stopped for re-

pairs it would answer every purpose.
This extra pump may also be run in

conjunction with the other for fire-serv-

ice. If domestic service is alone con-

sidered, only enough boiler pressure

need be provided to supply one of the

pumps, but for their combined use

return tubular. This boiler does not
extend above the usual height of a

pump room, requires the simplest style

of building, gives fairly good results

and meets the requirements of the pres-

ent case. The boiler power required

for this class of machinery may be
found by calculating the horse-power
represented by the weight of the water
pumped and the height or equivalent

pressure pumped against, adding twen-
ty-five per cent, to this and selecting a

boiler which will have a horse-power
equal to this result, computed on a

basis of fifteen square feet of heating

surface per horse-power.

In arranging the piping for this plant

the same rules should be observed
which were suggested for the smaller

outfit. There should be as light and
direct a suction lift as possible, and
easy bends and proper sizes for the

discharge. The delivery is sometimes
made directly into the service mains,

but a stand-pipe or a reservoir is an
important addition when the situation

permits of their use. A stand-pipe is

simply an enlarged storage tank and
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compensates for variations in the de-

mands. A larger storage capacity for

less expense may sometimes be secured,

under favourable circumstances, by a

storage basin or reservoir.

A complete plant under this section

would consist of the two pumping en-

gines, one or two boilers, a small feed

pump and the necessary piping. A
plan view of a pump room, showing an
8" x 12" x 7" x 10" compound engine
and a 14" x 7" x 10" duplex high-press-

ure pumping engine is shown in the

illustration on page 175.

A power pumping plant of medium
capacity properly comes next in order.

This construction can be used where
there is a good water power and the

water is of suitable quality for do-

mestic supply. Where the required

capacity of the pump is so large that

the vertical triplex style would assume
unwieldly proportions, the next step is

the duplex power pump. This pump
has a pair of double-acting water

plungers and suitable valve chambers,
plunger rods, slides, connecting rods,

cranks, gearing and shafting.

The best style of water wheel will

usually be the turbine, on account of

its compactness and high efficiency.

The effective power of the wheel should

be from 25 to 50 per cent in excess of

the total load, calculated from the

quantity of water to be pumped and
the pressure to be pumped against.

The exact margin advisable depends
upon details of the service. The pump
should be conveniently located with

reference to the wheel and the suction

supply.

In selecting the size of pump, allow-

ance should be made for slower speed
than in the steam pump and all parts

should be unusually heavy ; for, where-
as the steam pump is acted upon by an
elastic fluid which cushions the moving
parts, the load in the power pump
comes directly on the crank pins as

they pass the centre. With proper
construction and a suitable arrange-

ment of connections, the power pump
can be safely run at a higher plunger
speed than is found in ordinary prac-

tice, but it is important that the special

3-2

limitations of each class of machinery
should be clearly understood.

The proper direction of rotation for a

power pump is quite generally under-
stood, but is sometimes overlooked.
The top of the crank shaft should move
toward the pump, so that the thrust

and pull of the connecting rod will

press the cross-head downward upon
the lower part of the slides, which can
be more rigidly supported than the

upper portion. This is the reverse of

steam engine conditions, where the

driving power is the piston and where
the top of the crank shaft must, there-

fore, move away from the cylinder in

order to bring the pull and thrust

downward.
In the arrangement of connections

for the power pump there should always

be a heavy check valve on the discharge,

near the pump. When the body of

water, forced onward by the action

of the plungers, fails to completely fol-

low up that which is moving in the

pipe there will be a recoil, and, without

a check valve, this will set back into

the pump cylinders and meet the next
onward impulse there with a severe

shock. The pressure due to this pul-

sation sometimes greatly exceeds the

normal pressure and, in connection

with the non-elastic resistance, is a

fruitful source of disaster in power
pumping plants. But by the use of a

suitable check valve, which arrests the

backward tendency at the outset, this

difficulty is entirely obviated. Cut or

planed gearing should be used for power
pumps. This can now be secured at so

slight an advance in cost over rough
cast gearing, and the smoothness of

running is so much improved by its

use, that there seems to be no excuse

for crude substitutes.

A condition of quite frequent occur-

rence in power- pump service is that in

which, for a portion of the year, there

is an abundant supply of water for

power purposes, but at certain seasons

it is so reduced that, while there is

enough to supply the pump, the power
must be obtained elsewhere. The ad-

dition of either a separate steam pump
and boiler, or a steam engine and
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boiler, for use during a brief period

would require a more expensive plant

for the temporary than for the regular

service.

Now that electricity is in such general

use for lighting and power purposes,

there is a cheaper and more convenient

method available. By placing an elec-

tric motor at one side of the pump and
the water wheel at the other side, put-

ting the motor in communication with

some street railway or electric light

circuit, and arranging a clutch at each

side of the pump, or other suitable con-

independent boiler and cylinder,

working under less favourable condi-

tions. This fact has led to the exten-

sive use of this plan in mining and
light manufacturing and elevator work.
Also, where a desirable water supply
can be found near the town and a water
power at a distance, a decided advan-
tage can be gained by causing an elec-

tric wire, instead of piping, to span the

distance. The water wheel and dynamo
would be at the distant point and the

motor and pump in the town.
When the required capacity ol

r
a

LONGITUDINAL SECTION OF A HORIZONTAL WORTHINGTON DUTY PUMPING ENGINE.

nections, either the water power or

the electric power can be used, as cir-

cumstances demand, for driving the

pump.
The combination of electric motor

and power pump suggests that with the

rapid extension of electric plants there

are frequent opportunities for using to

advantage an electrically driven pump
where steam pumps have before been

necessary. Small pumps can be driven

more economically by power derived

from a large engine of proper design,

which is supplying this power for vari-

ous purposes, than by the use of an

steam pumping plant exceeds a million

gallons a day (say, 700 gallons per

minute) there is usually a desire to

secure a good degree of economy in

steam consumption. As the quantity

of work increases, the cost of fuel be-

comes a large item, even under the

most favourable circumstance. A re-

duction in running expenses will per-

mit, profitably, a considerable increase

in original outlay. The increased cost

of a more efficient engine is also, in

part, offset by a reduction in the size

and cost of boilers, fittings and build-

ing. It will, therefore, be readily seen
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that when fuel, boilers and buildings

represent large values, the question of
'

' duty '

' assumes an importance which
it cannot have in a small plant.

As the term '

' duty
'

' is extensively

employed to designate the efficiency of

pumping engines, it may not be out of

place to define it here. As applied to

a pumping engine, it means the num-
ber of foot-pounds of work that can be
performed by the consumption of one
hundred pounds of coal, or in other

words, the number of pounds of water
that can be raised one foot high, or a

proportionately smaller quantity to a

greater height, by use of the steam
generated by this coal consumption.
As the foot-pounds of work thus per-

formed run into the millions, the duty
is always given briefly as so many
millions. For example, a plant shows
a fifty million- duty when it performs
work equal to raising 50,000,000
pounds of water one foot high with
each hundred pounds of coal burned
under the boilers.

In duty tests certain conditions are

agreed upon. Sometimes the computa-
tion is based on the actual weight of the

coal used. Sometimes there is a de-

duction for ashes, so as to base the test

upon the combustible consumed.

Often the conditions ol the test assume
an evaporation of ten pounds of water
by each pound of coal, which eliminates

the performance of the boilers and ar-

rives at the result by a comparison of

the relative quantities of feed water used
and water pumped.

In computing the work performed
there are also certain restrictions.

Usually the load, as shown by the press-

ure gauge, and the quantity, according
to the number of revolutions recorded
by a counter, and the displacement of

the plungers per revolution, are taken to

represent the work, but occasionally an
actual measurement or an estimate of

the water delivered and its height are

substituted. Unless otherwise stated,

the duty is understood to be on ten-to-

one evaporation, load by gauge, and
quantity by counter and plunger dis-

placement. In dictating the conditions

of a test, some of the items are not of

special importance, except that they be
clearly defined, for if a large measure
be stipulated, a corresponding decrease
in the guaranteed showing can be
made ; but it is desirable for all con-
cerned that the required elements be
capable of easy and accurate determin-
ation.

The next advance in engine con-
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struction over the duplex compound
style described in a previous paragraph
is the duplex compound condensing
pumping engine. One of these engines

with 1 2-inch high-pressure cylinders,

2 i-inch low-pressure cylinders, 12-inch

water plungers, and 18-inch stroke,

will be taken as an example. It has a

capacity, at 100 feet of piston speed
per minute, of one and a half million

gallons in twenty- four hours against 125
pounds pressure, with 90 pounds steam
pressure.

The first difference to be noted, as

compared with the plain compound
engine, is that the steam, upon leaving

the low-pressure cylinders, enters a

condenser, in which a vacuum is main-
tained, so that atmospheric pressure is

removed from the exhaust side of the

larger pistons. This adds practically a

pressure of from 10 to 12 pounds per

square inch, according to the vacuum
produced, while the expansive force on
the larger piston and the direct press-

ure on the smaller piston, as in the

plain compound engine, is also acting.

The condenser in this plant is of the jet

pattern and is attached to an inde-

pendent steam pump having a 6-inch

steam cylinder, a 10-inch vacuum
cylinder and 12-inch stroke.

The condenser consists of a large

cast-iron shell with an opening at the

side for exhaust steam from the engine,

and connections at the top for admit-

ting injection water. Above the ex-

haust opening and below the injection

opening, is a perforated copper spray

plate or other similar device for spray-

ing the injection. When the con-

densing apparatus is in operation, the

cold injection water flows to the con-

denser by atmospheric pressure, is

broken into numerous fine streams by
the spray plate and, mingling with the

body of steam, quickly condenses it.

The vacuum is produced and main-

tained by the great reduction in volume
which takes place as the steam is

COMPOUND CONDENSING PUMPING^ENGTNE. BUILT BY MESSRS. HATHORN, DAVEY & CO.

LEEDS, ENGLAND.
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changed to water, but, in order that

the condensing space may be kept
clear, it is necessary that the water

which collects in it should be constantly

removed. This is the work of the

small steam pump. A separate pump
is preferable to one driven directly from
the main engine, because the speed is

capable of separate adjustment to secure

the highest results. It can also be
started in advance of the engine and
the full effect of the vacuum brought to

bear at the time when the maximum
power is most needed. The small

amount of steam required to operate it

can be further utilised after leaving the

pump.
It will be noticed that the cylinders

in the compound condensing engine

differ from those of the plain compound.
With exhaust to a condenser, the area

of pistons may be about as 4 to 1, while

with free exhaust about 2 to 1 is the

usual proportion. With the usual boiler

pressure of So or 100 lbs. this difference

is because, in the condensing engine, the

expansion may be carried to any point

not below the absolute pressure on the

exhaust side of the larger pistons and
still exert a useful effect, but in the

non-condensing type anything below
atmospheric pressure will produce a

resistance instead of a forward impulse.

It has been stated that the steam
required for driving the vacuum pump
can be afterwards used for other pur-

poses. The best way to do this is by
means of a feed water heater. Some-
times the heater is connected with the

engine exhaust. In a non-condensing
engine such a plan may be used to

advantage, but with the exhaust steam
in communication with the vacuum, its

temperature is so low that but slight

benefit can be derived from this arrange-

ment.
The steam from the vacuum pump is

exhausted at high temperature ; the

greater part of this heat can be imparted
to the feed water and, in addition to

saving the heat, the benefit to the
boilers by feeding with hot water is well

understood. This heater may be of

simple construction, consisting of a coil

of pipe for the feed water and an en-

closing case for receiving the steam.

The coil should be of brass or copper,

both on account of durability and for

the superior conducting qualities.

With the increasing size of the steam
cylinders and the wider range of ex-

pansion, as compared with the types
which have preceded, the compound
condensing engine requires greater

attention to the prevention of condensa-
tion in the cylinders. This is accom-
plished by jacketing the cylinders with

live steam. Both the high and low-

pressure cylinders should be cast with

surrounding shells to enclose a steam
jacketing space. A layer of non-con-
ducting material outside of the jacket

will reduce the radiation of heat from
the jacket and allow its full effect to

come upon the working steam.

As a result, there will be drier steam
in the cylinders, the obstruction ofwater

of condensation will be prevented, and,

in the low-pressure cylinders, additional

work will be performed by the extra

expansion due to the heat imparted by
the jacket. The jacket connections

should be so arranged as to cause the

steam to enter near the top and escape

at the bottom of the cylinders, so that

all the water will be constantly drained

off. The heat remaining in the water
from the jackets can be saved by using

the water for boiler feeding.

A pumping engine of the size and
construction described will give a duty
of from 45 to 55 millions. The allow-

ance for boiler capacity need not be so

large in proportion to the required

work as with a plain compound. With
size and speed of the engine and ap-

proximate duty known, the quantity of

steam required, and, therefore, the

size of boilers, can be closely estimated.

As an approximate rule the horse-power
represented by the water to be handled
may be taken, twenty-five per cent,

added to allow for various losses, and
boilers of this power, computed at 10

square feet of heating surface per horse-

power, will be sufficient. As durability

and economy result from such a margin
of capacity that the boilers need not be
crowded under maximum requirements,

this rule is often exceeded.
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Before we proceed to the considera-

tion of steam pumping plants of larger

capacity and higher efficiency, brief

reference should be made to large power
pumping plants. On account of the

non-elastic nature oi the force which
drives the plungers and the peculiarities

of the load, many difficulties are en-

countered in power pumping service,

and these increase with the size of the

plant, unless the principles involved
are thoroughly understood. In large

plants the duplex style of pump is ad-

visable.

The gearing should consist of mor-
tised wooden toothed gears and planed
iron pinions to lessen the shock and
vibration. The gears should be cast in

halves to avoid shrinkage strains upon
the rims. All journal bearings should
be of ample size. The gear and pinion

must be accurately located to make the

pitch circles run together and the frame
must so rigidly connect the bearings

that the proper positions of the centres

will be perfectly maintained. The
foundations throughout must be of the

most substantial character. Crank and
cross-head pins must be of generous
proportions to withstand the sudden
strains to which they are liable. The
cross-head shoes must be sufficiently

large in area of bearing surface to

reduce the pressure per square inch to

a safe limit. Special attention must be
given to the lubrication of all boxes and
bearings. All tendency of the discharge

column to pulsate and recoil upon the

rapidly advancing body of water in the

pump must be prevented by a check-
valve just beyond the pump. While
power pumps of one or two million

gallons capacity per day have often

failed by ignoring the special require-

ments, there is no reason why three or

four-million gallon pumps, if properly
constructed, should not be as durable
as steam pumps of the same capacity.

A duplex power pump, designed by
the writer for the water works at Lew-
iston, Me., U. S. A., in accordance with
the principles here outlined is now on
its second year of continuous operation,

twenty-four hours a day, delivering three
million gallons of water per day against

the contract pressure of ninety-five

pounds.
In the compound engines thus far

considered, the cylinders have been
proportioned so as to give the best

results when using steam at an initial

pressure of from 80 to 100 pounds.
This gives a range of expansion in the

compound engine not exceeding 100

pounds, and in the compound condens-
ing engine only a few pounds additional.

This is as wide a range as is practicable

with the construction thus far described.

In recent years, however, much atten-

tion has been given to increasing the

range of expansion. The steam press-

ures, particularly in marine practice,

have been steadily increased, with cor-

responding changes in engine construc-

tion. As a result, there has been a

marked improvement in efficiency.

The next step to be mentioned in con-

nection with pumping engines is in this

direction.

A steam pressure, in suitably con-

structed boilers, of 125 to 150 pounds
can be readily obtained. Steam at this

initial pressure, admitted to compound
engines of the proportions given, would
obviously result in too high an ultimate

terminal pressure,—that is to say, the

pressure of the exhaust from the second

cylinder would be so high as to occa-

sion great waste. To remedy this by
a further increase in the proportionate

size of the larger cylinders would re-

quire a greater degree of expansion in

each than could be profitably performed

in one cylinder. The wide variations

in temperature in the cylinder at each

stroke, caused by a greater expansion

than from about 100 pounds, makes
some modification in the form of the

engine necessary for a further extension

in the range.

This fact and the previous construc-

tion naturally suggest the addition of a

third cylinder to the series, so that a

portion of the work may be done by
the high-pressure steam in one cylinder,

from which it passes to a second and
larger cylinder of such proportion that

partial expansion takes place, and from

there it goes to a third and still larger

cylinder for the completion of the ex-
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pansion. The second and third pistons

both combine their forward impulse
with the first piston on the same prin-

ciple as when but two pistons in line

are used.

In order to properly operate the

steam valves without the intervention

of a fly-wheel, two sets of these cylin-

ders may be placed side by side in the

same manner as with other duplex en-

gines. This construction, in connec-
tion with suitable water cylinders, con-
stitutes what is styled a duplex three

cylinder compound pumping engine.

Some manufacturers have secured still

further efficiency in this class of engines
by arrangements which permit a higher
piston speed, a reduced clearance, and
a variable cut-off for expansive work-
ing of the steam in the high-pressure
cylinders. It is impossible to run the

pistons as closely to the heads in a
direct acting engine as with fly-wheel

connections, but this point can be
approached and a considerable saving
in steam can be made by the use of

cylindrical valves, located close to the

cylinders, in place of the ordinary flat

slide valves and long steam ports. All

the cylinders should be steam jacketed.

To secure the highest results from
the plant, the jacket outlet should be
connected with an automatic pump and
receiver. This consists of a small
closed tank, or receiver, connected with

a steam pump discharging to the boil-

ers, and fitted'with an attachment which

regulates the speed of the pump, so as

to maintain the water level at a fixed

point. This is, in effect, a hot-well,

but the constant withdrawal of the water
permits it to be of very small propor-

tions and effects a quick transfer of the

water to the boilers without loss of heat.

The same receiver also handles in the

most economical manner the water
condensed from the engine exhaust in

case this condensation is performed by
a surface condenser.

As automatic tank attachments, ot

which the action depends upon a float,

sometimes prove troublesome, it may
be well to mention a desirable construc-

tion which is probably familiar to most
readers. A hollow metal float is liable

to leakage, and, under certain condi-

tions, to collapse, which destroys its

buoyancy. By making the float an
open cup-shaped vessel, this danger is

removed. With the cup attached to a

lever which is counterbalanced to

nearly the weight of the cup filled with

water, it is evident that when the water

level is below the cup the total weight
of cup and contained water will be
effective; but if the water in the receiver

rises above the cup then the weight
acting is only the weight of metal in

the cup which is now surrounded inside

and out by the water. Hence, by
reason of the counterbalance, the cup
now rises and, by suitable connections,

the pump is started and removes the

surplus water from the receiver.
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As shown in the sketch opposite,

the style of condenser advised for this

grade of steam plants is a surface con-

denser, connected with the discharge

from the engine. There is an outer

case of cast iron through which the

discharge water passes. Enclosed in

this case, and surrounded by cold water,

is a system of tubing into which the

exhaust from the engine is admitted
and from which the water of condensa-
tion is removed by an independent
vacuum pump as shown. The steam is

condensed by contact with the tubing,

which is constantly cooled by the water
which surrounds it. Unlike the jet

condenser previously described, the

cooling water does not come into actual

contact with the steam. With surface

condensation the water removed by the
vacuum pump is much less in quantity
and higher in temperature than with
the jet condenser. As the work to be
performed by the pump is very light,

its steam cylinder is small in proportion

to the vacuum cylinder. It does not
approach to the proportions necessary
to pump the discharge to the boilers,

but will readily deliver it to the auto-

matic receiver, where that and the

jacket water are both immediately car-

ried forward. The exhaust from the

receiver pump and the vacuum pump
should be carried to a feed water

TWO PAIRS OF COUPLED BEAM PUMPING ENGINES. BUILT BY MESSRS. EASTON, ANDERSON
GOOLDEN, LTD., FOR THE ANTWERP WATER WORKS.
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heater. Entrained water, and that con-

densed in the piping, in the steam sup-

plied to the engine, should be taken
out by a suitable separator, connected
to the pipe near the engine. Sepa-
rators act on the principle that gases in

rapid motion can change their direction

more readily than fluids, so that when
steam is compelled to traverse a spiral

or zig-zag course the water will be
thrown out. The water extracted by
the separator should also be carried to

the automatic receiver, or, if sufficient

elevation can be secured, it can be
returned directly to the boilers.

The sketch on page 186 indicates also

the proper arrangement of the water
piping. The suction enters the pump
room by easy bends and is attached to

a special which communicates with the

two water cylinders. Upon this suc-

tion special is a large galvanised steel

air chamber, which prevents the shocks
which would otherwise result from the

rapid and intermittent motion ofso large

a body of water. For the same pur-
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pose there is a large air chamber upon
the discharge connections, as close as

possible to the cylinder. Next follows

the check valve, and then a relief valve,

set at the maximum pressure allowable.

The relief valve protects the pump
from excessive pressure by opening and
permitting the escape of water when
the limit is passed. In a convenient

location, beyond the relief valve, is

placed a gate valve, with standard and
hand-wheel above the floor.

The increasing size of the plant and
the demand for higher steam pressure

renders a change in the style of boilers

advisable. In the several makes of

large vertical boilers now on the market
the necessary floor space is much less

than with horizontal boilers of the same
capacity; drier steam will be produced,

there is a free draft, and this form is,

at least, as well adapted to high press-

ures. Mechanical stokers, of which
many different kinds are now available,

may also be used, and form a valuable

addition to a high duty steam plant.

Some of the advantages secured by
mechanical in place of hand firing will

result from an automatic control of the

dampers. No hand adjustment of draft

can approach in accuracy the service

given by an automatic regulator. In-

stead of sudden fluctuations according to

the observation or convenience of the

fireman, such a regulator will be moved
by slight variations in steam pressure

and will promptly attend to the neces-

sary changes in draft to bring the press-

ure back to the given point. Proper
attention to the appearance of the grate

will prevent the delivery of more fuel

than the damper regulator permits to

be consumed.
By the improvements thus far noted,

the cylinders of direct-acting engines

have been compounded, the condenser

has been applied, steam pressure has

been increased, boiler appliances have
been improved, and all the heat possible

has been returned to the boilers. In order

to make any further marked advance,

it is necessary to make some decided

change in the style of the engine. The
prominent feature of this change is the

addition of cranks and fly-wheel. In a

non- rotative engine all the principal

moving parts travel in straight lines.

When the steam pistons approach one
end of the cylinders a confined body of

steam is met, upon which they cushion.

The valves are reversed at this point

and the return stroke begins. The
length of stroke is influenced by speed,

variations in load, and adjustment of

valves.

By the introduction of suitable rotat-

ing parts in connection with the recip-

rocating ones, several decided advan-

tages are gained. As the travel of the

reciprocating parts depends upon the

throw of the crank, it is in the fly-wheel

engine a fixed quantity. As the pre-

cise end of the piston travel is known,
it is possible to bring the cylinder heads
very close to this point and thus reduce
the clearance space. As the momentum

1
rl |
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DIFFERENTIAL PLUNGER PUMP.

of parts cannot increase the length of

stroke, a much higher piston speed can

be safely attained. As the inertia of

the fly-wheel will continue the motion

when the pressure in the cylinders de-

creases, there may be a cut-off and
expansion in all the cylinders. Com-
pounding by a series of two, three or

more cylinders may be used in the same
way as with direct acting engines, for

the use of steam at an extremely high

initial pressure. These cylinders may
be arranged vertically or horizontally,

as the special conditions may require.

An automatic cut-off, controlled by a
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governor, may be used, and all the

steam valves may be of the Corliss style

to reduce clearance. Thus the best

features of direct-acting engines are

retained, and higher speed and reduced
clearance are added. As in other

advancements, these changes increase

the cost of the machine, but effect a

saving of steam which makes the extra

outlay a profitable investment.

In fly-wheel engines the water end,

or pumping mechanism, is more or less

separated from the steam end to ac-

commodate special features in the

engine or to place the pump favourably

with reference to the water supply. If

the piston speed of the engine is higher
than is advantageous for the best work-
ing of the pump, there can be a beam
connection which will reduce the length

of stroke and, consequently, the piston

speed of the pump. If the cylinders

are horizontal, the form does not differ

essentially from that used in non-

rotative pumping engines. When the

level of the supply is subject to wide
variations, or is lower than it is con-

venient to set the engine, a vertical

water end is often desirable or necessary.

Single-acting plungers are simple in

construction, the stuffing boxes are ex-

ternal and readily accessible and when
three of these plungers can be arranged

to work together there is quite a uni-

form delivery. By enclosing the

plungers so that they work through
stuffing boxes at the centre, and each
end enters a water chamber, each
plunger is made double-acting. This
plan doubles the capacity of a plunger
of given diameter and a pair of these

plungers gives a very even delivery

of water. The water valves are arranged
for convenience of access and so as to

give as direct passages as possible. Air
pockets, which, in vertical pumps, may
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obstruct the action, must be avoided.

A compact form of vertical pump
which is a modification of the double-

acting plungers is that known as the

differential plunger pump. This has

plungers which are equivalent to two
plungers of different diameters, placed

end to end, and moving together. One
plunger has about twice the area of the

other. The plunger rod is attached to

the smaller part and below this is the

larger part of the plunger. The smaller

portion enters the cylinder through an
external stuffing box, and the larger

part works through an internal stuffing

box or bushing. The suction valves

are below the plunger and the discharge

valves are usually in the partition con-

taining the large stuffing box.

This arrangement is, in effect, a

double-acting plunger, with the smaller

part of the plunger acting as a plunger

rod of unusal size. This rod portion

occupies about one-half the volume left

by the withdrawal of the larger portion.

Thus, the lower end has twice the dis-

placement of the upper, water presses

through the suction valves only on the

up stroke, and through the discharge

valves only on the down stroke, but the

flow from the upper chamber is con-

tinuous. The construction described

is shown in the diagram on page 189.

In the line of still further increased

economy are mechanical draft and the

economiser and mechanical devices for

the handling of coal and ashes. The
luel economiser consists of a feed water
heater, located so as to receive heat

from the furnace gases before they are

allowed to escape to the chimney. The
feed water circulates through tubes, be-

tween and around which the gases pass.

In order to abstract as much heat as pos-
sible, it is necessary that this apparatus
should be placed directly in the line of
the draft. The location, arrangement
and comparatively low temperature of

the tubes causes a rapid deposit of soot

upon them which would soon impair
their efficiency. Therefore, an arrange-

ment of scrapers is provided to auto-

matically clean the heating surface.

Mechanical draft, secured by an ex-

haust fan, must be used in connection
with the economiser in order to draw
the products of combustion through the

obstructed passages. The fan causing

the draft also makes the boiler plant

independent of atmospheric conditions,

provides for sudden demands for steam
and saves most of the cost of a chimney.

Coal and ash conveyors, driven by
power from the fan engine, serve an
important purpose in reducing the

labour expense and improving the serv-

ice. Coal may be brought from the
bunkers and distributed to the hoppers
of the mechanical stoker, and the de-

posits in the ash pit may be continually

carried away by the most simple me-
chanical means.

In closing this review of water works
machinery it may be said that no at-

tempt has been made to enter into all

the details of construction, but rather

to touch upon prominent features of

general interest. In selecting the ma-
chinery for a given situation, the capac-

ity of the plant and the relative im-

portance of present and future outlay

must determine the choice. For all

permanent work it is believed that the

penny-wise policy is becoming less com-
mon as the difference between pumps,
and pumps is better understood.



MEGASS AND REFUSE FURNACES.

By William Price Abell, Assoc. M. Inst. C. E.

The desirability, if not necessity, of greater fuel economy in raising steam has, of late, helped to

bring into prominence furnaces for burning all kinds of refuse, notably city refuse, the satisfactory disposal
of which, in itself, has become an important problem. But the utilisation of factory wastes, outside of
large cities, is of almost equal interest, and among these the refuse from cane-sugar manufacture has
received careful attention by many engineers. Mr. Abell's paper, therefore, recently read before the British
Institution of Civil Engineers, giving particulars of the use of such refuse as fuel and describing several
furnaces adapted to handle it satisfactorily, will prove instructive reading.

THE use of meg-ass as

fuel in the manufact-

ure of cane-sugar
has, during the past few-

years, largely owing to

the increased cost of

coal, become more gen-

*--^A eral ; and on many es-

tates in the West Indies

r P>
;

f
it nas entirely replaced

T/~~V :

coal, of which 25 cwt.

\gfjA were formerly required

for the production of

one ton of sugar. Dur-
ing the years 1890-94,
five hundred and twenty
furnaces were rebuilt in

British Guiana, at a cost

of about ^50,000, the

annual saving thus effected amounting
to more than ^100,000.
On the assumption that sugar-cane

contains 12.5 per cent, of woody fibre,

and the juice 16 per cent, of sugar, Mr.
Nevile Lubbock states, as the result of

many trials, that double crushing ex-

tracts 72 per cent., and single crushing
66 per cent, of the juice, leaving the

green megass, composed in each case of

woody fibre, water and sugar in the
following proportions:

—

Double Single
Crushed. Crushed.

Per cent. Per cent.
Woody fibre _ _ _ 45 37
Water 46 53
Sugar 9 10

loo 100

Exhausted diffusion chips reach the

furnace composed of 60 per cent, of

192

water, 0.44 percent, of sugar, and 39.6
per cent, of woody fibre.

In the old furnaces, which do not

utilise the oxygen and hydrogen in the

water of the megass for combustion, it

is calculated that 4.83 lbs. of double-

crushed megass and 5.98 lbs. of single-

crushed megass are required to give

the same amount of available heat as

1 lb. of Scotch coal. Sir Frederick

Bram well and Dr. Letheby, in their

report on the sugar manufactories be-

longing to the Khedive of Egypt, state

that 2.09 lbs. of sun-dried megass are

equivalent to 1 lb. of Welsh coal.

From 100 tons of single-crushed cane

are obtained 34 tons of megass, sugar

and water combined, as fuel, 8}4 tons

of sugar and 57^ tons of water, to be

evaporated out of the juice ; and from

100 tons of double-crushed cane there

result 28 tons of megass, sugar and
water as fuel, g*4 tons of sugar and

62^ tons of water to be evaporated out

of the juice. With single-crushing,

therefore, for every ton of sugar manu-
factured, 4 tons of refuse or megass,

of which 53 per cent, is water, and
with double-crushing 3 tons of megass,

of which 46 per cent, is water, are

obtained. This fuel, in modern, though
still imperfect, furnaces, will evaporate

57^ tons to 62^ tons of water from

the juice of 100 tons of cane, besides

generating all the mechanical work
involved in crushing the canes and
manufacturing the sugar. A surplus

of megass should be stored whilst the

mills are working, so that it may be
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possible to manufacture with it the offal

products after the grinding ceases.

The results of long grinding at a

factory producing 1% ton of sugar per
hour, show that the amount of megass
available per hour is 3.75 tons, consist-

ing of 2.03 tons of fibre and 1.72 ton

of water. This is burnt in five furnaces,

of which two are of the type shown in

Figs. 1 and 2, and three are of the type
shown in Fig. 3,—4.24 cubic feet of

megass being thus available for each
furnace per minute; but sufficient steam
is maintained with 3 cubic feet per min-
ute. Each furnace has a grate-area of

20_,square feet, and each supplies heat

to a multitubular boiler containing 1300
square feet of heating-surface. The
chimney draught is 40 feet per second,
the flue temperature is 500 degrees F.,

and the furnace temperature is such as

to melt copper and partially melt cast-

iron, about 2000 degrees F.

The steam obtained from these five

boilers and furnaces concentrates and
purines 9.45 tons of juice into \% ton
of, pure yellow sugar per hour. The
boiler-pressure is 75 lbs. per square
inch, and the cane is crushed at the

rate of 13.2 tons hourly, 3.75 tons of
megass and 9.45 tons of juice being

3-3

produced—the latter consisting of 1.25

ton of sugar and 8. 20 tons of water and
offal. In addition to extracting juice

from the cane with a pressure of 250
tons on each of the top rolls, the water
is evaporated, the sugar is cured, and
the molasses is converted into rum and
second sugar. The 3.75 tons of megass
develop the requisite power without the

assistance of any other fuel, the duty
of the engines employed amounting to

463 I.H.P. and the heating-surface in

the evaporators being 5650 square feet.

The water in megass was, until a few

years ago, evaporated in the furnace

and driven out of the chimney as waste
steam. In some cases the

megass was dried in the sun
or in logies, on the theory

that to employ water as fuel

was to use more energy than
could be realised from the

combustion of the oxygen
and hydrogen obtained from
its decomposition. Ordi-

nary megass, if burnt in

jjjj
S the usual way, scarcely pro-

duces heat enough to pro-

mote its own combustion.

The result of the improve-
ments in furnaces has been
that condensed steam or

white smoke is seldom seen

issuing from megass chim-

neys. Green megass may
be taken to consist of 50
per cent, of fibre and 50
per cent, of free water, the

small quantity of sugar
and ash present being

The chemical analysis ofnegligible.

the substance is :

—

Per cent.
»5-°°

I
Carbon
Hydrogen 2.78 V- Woody fibre

Oxygen 22.22J

SSSfj.--:::: ifj Fr- ™ter - »
Megass thus contains exactly the

amount of oxygen necessary for the

complete combustion of its carbon.

When hydrogen and oxygen exist in

a compound in the proper ratio to form
water, its constituents have no effect on
the total heat of combustion. This
would be the case with woody fibre in

megass, under ordinary circumstances,
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when burnt in the older type of furnace.

On the other hand, in a properly de-

signed green-megass furnace, when
thoroughly heated, the water, in the

form of aqueous vapour, is decomposed
in passing over the highly incandescent

and porous carbon of the megass
;

oxygen is liberated and combines with

the carbon to form carbonic acid ; and
the hydrogen passes off partly uncom-
bined and partly as car-

buretted hydrogen. The
latter, in presence of

sufficient oxygen and at

the high temperature of

the furnace, undergoes
further combustion and
yields additional heat

by its conversion in-

to carbonic acid and
water. This is shown
in practice by the fact

that little air is required

for a furnace after it is

properly started. If the

pores of megass could

be impregnated with air

and saturated to the

required extent, each

atom of carbon being contiguous to the

necessary air before the fuel was thrown

upon the grate, the result would differ

from the ordinary smouldering combus-
tion, and would approach that of gun-

powder, which contains the necessary

In an efficient megass furnace perfect

combustion of the gases and carbon
flecks should be produced, the gas
being first liberated and then consumed,
so that no white vapour escapes from
the chimney. It should require no in-

crease of chim-
ney height, and
should work
without forced

-wrimmm

oxygen for perfect combustion without
air. The fuel should first be gasified and
then burnt, the moisture being split up
and the oxygen and hydrogen used for

the combustion of the carbon in the
megass.

draught. The temperature in the

combustion-chamber should be suffi-

ciently high for the production of

water-gas. Ample provision should
be made for expansion through
large and varying ranges of tempera-
ture. Furnaces have been constructed

in which the waste heat from the chim-
ney is utilised for drying the fuel on its

way to the fire-box. Experiments
made by the author in 1887, however,
showed that with a flue-temperature of

550 degrees F., a layer of megass 3
inches thick took forty-five minutes to

dry.

In Fig. 4 is shown the Alfred Fryer
furnace, introduced in 1883 by Mr.
Maurice Costa, and adopted with suc-

cess in British Guiana. The grate b is

inclined with the lowest part at the

furnace front, and the green megass is

introduced between the bars and boilers

«, so that all the flames pass through
and over the green fuel on its way down
the drying-plane c. The megass is

introduced at the opening <?, and, fall-
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ing on the inclined drying-plane, it

gravitates downwards on the fire-bars,

as that below it is burnt. The whole
of the products of combustion pass up
over this drying-plane and there

evaporate much of the moisture of

the megass. The flames then pass

the feed-mouth into the combustion-

chamber d, and finally into the boiler.

No air was observed to be drawn in at

the feed-mouth, although the stream of
flame was always plainly visible passing
this opening, which measured 10 inches
by 5 feet.

In 1890 the furnaces shown in Figs.

1 and 2 were introduced by the author.
They are arranged in pairs, the air for

combustion being drawn between the
two iurnaces at a, over the boiler-tops

b, and finally over the reverberatory
arches, c c, into the ash pit. The air

is caused to pass the hottest or lower
part of the fire-bars by the deflecting-

plate d, reaching the top end of the
fire-bars and entering the megass at a
temperature of 300 degrees F. The
check-wall or plate, e, regulates the
thickness of megass on the fire-bars.

In order to still further heat the air and
facilitate the complete combustion of
the gases and carbon flecks, a similar

furnace, but possessing an additional

combustion- chamber, was introduced
and gave highly satisfactory results.

In 1892 the automatic feeding ar-

rangements were added, with a view to

reduce labour on megass platforms, to

dispense with the gearing hitherto

used in mechanical firing, and to give a

constant and regular feed of fuel. They
have proved so sensitive in practice

that without any assistance they can
supply one furnace with the exact
quantity of megass, passing the surplus

on to the next. The megass is carried

the whole length of the platform by the
usual rake- carrier, connected with each
furnace by enclosing hoppers. Down
these the megass falls direct into the
furnaces until the hopper is sufficiently

full to cause the megass in the carrier

to pass over that in the hopper. The
surplus megass can either be discharged
at the carrier end or be stored between
each furnace by opening intermediate

doors under the control of the atten-

dant. No firemen are required. An at-

tendant simply regulates the flue dam-
pers to give the necessary steam, and ad-

justs the intermediate doors, to prevent
too much megass from accumulating at

one place. He also sees, by means of
the peep-holes in the hoppers, that each
furnace is taking its proper amount of

fuel.

The apparatus shown in Fig. 5 utilises

the weight of the megass to regulate its

own feed. The hopper is hinged at e,

/"being an opening in the cross carrier,

d a damper or

sluice, and c a bal-

ance-weight. The
megass passes

down the shoot b

to the furnace un-
til it is full, and
then the weight
of the megass,

accumulating in the hopper, causes it

to descend about the hinge into the

position shown by the dotted lines, at

the same time raising the balance-

weight and sliding the sluice or plate
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over the opening f, thus causing the

megass to pass on to the next furnace.

In 1893 a furnace was tried by the

author in which the fuel was passed
through an open-ended retort, project-

ing vertically into the combustion-
chamber. The flames of combustion
heated this retort, and thereby heated,

dried and distilled the gases out of the

megass, ready for combustion so soon
as they reached the combustion-cham-
ber, the solid, partly-dried fuel falling

upon a hearth surrounded by four

pigeon-holed walls. It was found ad-

vantageous to block up the pigeon-

holes until only 7 square feet of grate

area were allowed for burning 7 cubic

feet of megass. The ratio was thus

1 square foot of grate area per cubic

foot of megass, whereas it had previ-

ously been 6 square feet of grate area

per cubic foot of megass burnt per
minute. In other words, with a boiler

having 1300 square feet of heating sur-

face, the furnace having one- third the

usual grate area, the amount of steam
obtained from double the quantity of

megass was three times that derived

from similar boilers with ordinary fur-

naces in the same battery, and this with

a natural chimney-draught of 40 feet

per second. The construction of

the furnaces required only about half

the number of bricks of ordinary fur-

naces.

The loss of megass, and particularly

of diffusion chips when charred and
partly burnt, is considerable, on account
of the unburnt carbon flecks. These
are similar in appearance to the end of

a charred match, and are carried

through the furnace and up the chim-
ney unburnt in such quantities that on
a still morning the ground round a

sugar factory becomes strewn with them
to a depth of some inches. To prevent
the waste from this cause, a centrifugal

combustion-chamber, Fig. 3, has been
successfully adopted for retaining the

carbon flecks until they are distilled

and completely consumed. The megass
enters at e and falls to the fire-bars b.

The flames are led into the combustion-
chamber d, tangentially at g, so that

the heavy unburnt particles are speedily

separated from the light gases by cen-

trifugal force—the heavy sparks and
carbon flecks flying off to the circum-

ference, and the light flames of combus-
tion finding their way through the

centre g, up the flue into the boiler a.

The same arrangement has been
applied with success to the retort type
of furnace, wherein the combustion or

whirling chamber is arranged above the

hearth, around which are fixed tan-

gential tuyeres, supplied with air, prefer-

ably under pressure, from the chamber.
The air enters the tuyeres and produces
a whirling motion which causes the

heavier unburnt particles of megass or

chips to remain in the chamber, which
is of large diameter, in virtue of their

weight, whilst the lighter products of

combustion pass up the deflector.

The economy of megass furnaces is

still susceptible of great improvement,
by the adjustment of the proportions in

which the several constituents are con-

sumed rather than by the introduction

of new principles of construction or

operation.



STEAM BOILERS! THEIR EQUIPMENT AND MANAGEMENT.

By Albert A. Cary.

ONE of the first con-

siderations to be
taken up in de-

signing a new boiler

plant, as detailed re-

cently by the author in

a paper presented to

the National Electric

Light Association, is

found in the question,
'

' What style of boiler

is best adapted to our
^>

1

work?" and after

;( this is answered
the other ques-

tion following closely at

its heels is, "Are our
"''

available funds sufficient to

equip this plant with the

chosen form of boiler ?'
' Unfortunately

we find by no means a small percentage
of prospective steam users asking these

questions in the reversed order, and it

is due largely to this fact that we find

so many tank makers in the boiler busi-

ness, so many coal companies flourish-

ing and growing rich at the steam users'

expense, so many boiler insurance com-
panies springing up in every section of

the country, to say nothing of the

profits of the owner of the boiler, which
unnecessarily go to keeping the boiler

in repair and the coal pile replenished.

All these troubles do not result from
the doings of the " penny wise, pound
foolish

'

' man, but there is also a large

percentage of the plants erected where
ignorance has been the partner of the

designer, and we find the outsider

again reaping the profits which properly
belong to the victim.

Where the load fluctuations on the
engine are excessive, the boiler must
be of such design that it will deliver a
very large quantity of steam in a very
short space of time, and this may be
accomplished in several ways, viz. : first,

by having a boiler with an abnormally
large steam space ; second, by having
a boiler with a large water capacity,

and a moderate-sized steam capacity
;

third, by having large hot water stor-

age cylinders to supplement the quan-
tity of water held in the boiler ; fourth,

by running the boiler at a steam press-

ure several times higher than that

used at the engine and delivering the

steam through a very large reducing
valve, which reduces and delivers the

steam from the high pressure to the

pressure required at the engine.

Each one of these methods has its

own advantages and disadvantages, and
the first one is probably the worst ar-

rangement that could be made. In

fact, it may be regarded as imprac-

ticable. An extremely large steam
space is neither desirable nor neces-

sary ; it increases the size of the boiler

unduly, as well as increasing the heat

radiating surface. Our second method
of caring for the very sudden demand
for steam is by providing a large water

capacity. Under these conditions a fall

in pressure is depended upon to supply

the demand continuously.

With such an equipment, when the

throttle is suddenly opened, admitting

steam to the engine, the steam from
the steam space of the boiler first rushes

into the cylinder, and we will say, for

example, that the boiler pressure drops

from ioo to 80 pounds. Let us next

assume that we are drawing our steam
from a plant of boilers holding 100,000
pounds of water. The temperature of

the water under 80 pounds pressure,

we know, is 323.9 degrees Fahr., while

its temperature under 100 pounds press-

ure is 337.8 degrees Fahr. By turn-

ing to our steam tables we find the

total heat in one pound of water under
the above conditions, as follows :

—

One pound of water under 100

197
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pounds of steam pressure contains 308.7
heat units.

One pound of water under 80 pounds
of steam pressure contains 294.0 heat

units.

Thus, when the pressure drops from
100 to 80 pounds, the total heat re-

quired in each pound of water is less by
14.7 heat units. Multiplying this by
100,000, we have 1,470,000 heat units

available for the generation of steam.

Divide this by 886.7 (the number of

heat units necessary to evaporate one
pound of water at 323.9 degrees Fahr.

into steam), and we find that we have
1658 pounds of water evaporated dur-

ing the time of the reduction of pressure

from 100 pounds to 80 pounds. Now,
if our engine uses 500 horse-power, and
60 pounds of steam are required per
hour per horse-power (equal to one
pound of steam per minute per horse-

power, or 500 pounds of steam per
minute for 500 horse-power), we divide

500 into 1658 ; we see then that from this

lowering of temperature or pressure,

we liberate sufficient heat to supply our
engine with steam for about 3^ minutes,

even though all other sources of heat
are withdrawn, but this is not the case

;

the fire in the furnace will add its heat

constantly at the same time, and thus
we soon find an equilibrium established,

and the boilers will finally be able to

supply the engines steadily with the

steam required.

Let us see how much of a boiler

equipment we would need to cover the

conditions we have just outlined. Let
us suppose that we take horizontal

tubular boilers, 66 inches diameter and
18 feet long, containing 46 four-inch

tubes. One boiler of this kind (allow-

ing one-third of the diameter vertically

to measure the steam space) will hold
about 14,000 pounds of water. Divid-
ing this into the 100,000 pounds of
water, we will find that it will require

seven boilers, which, if rated by the

regular builders' rating, would be sold

at 668 horse-power. This is about one-
third in excess of the rated engine
horse-power, but, considering the ex-

cessive duty called for in such service, it

can be considered as a well-balanced plant

The third method of providing for a

great and very sudden demand for a

large quantity of steam is accomplished,

as has been stated, by providing one or

more large hot water storage tanks

which are used in connection with one
or more regular boilers. The principle

of working in this case is the accumu-
lating of large quantities of heat in the

water held in these tanks under press-

ure, to be called upon when needed,

for steam-making purposes ; a very
similar principle is followed in storing

electricity in storage batteries, to be
drawn upon at any instant when the

current is needed. This is known as

Halpin's system of thermal storage,

and, in the case under consideration,

its operation is almost identical to the

second method just described, that is,

it depends upon a fall in the steam
pressure when the body of water gives

up some of its heat which results in the

formation of steam at a lower pressure.

In this system, of course, a fewer num-
ber of boilers are used, but the quan-
tity of water handled by these boilers is

proportionally greater.

The arrangement of these thermal

storage tanks in connection with the

boilers is comparatively simple. The
tanks are simply plain cylindrical

boilers, but of course they must be
capable of sustaining a pressure fully

equal and generally much greater than
the working boiler. The working boiler

is run full of water, and is made to de-

liver a constant stream of hot water
into the storage tanks, independent of

the rate at which the steam is drawn
from them, and for the best results this

system should be run at at least 100
pounds pressure in excess of the press-

ure required at the engine.

We now come to the fourth method
of supplying our sudden demand for

steam, which was originated by the au-

thor. This is probably the most eco-

nomical manner of solving this problem,

first, as regards the original cost of the

equipment, and secondly, as regards

cost of operation. By this system the

number of boilers required is reduced,

the quantity of water needed is much
less and this consequently lessens the
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amount of fuel required, and the con-

sumption of steam at the engine is also

reduced. Of course we will need, for

this system, boilers which can be safely

operated under high pressure and let

us here (for the sake of comparison
with the example we have given under
our second system) suppose that we
have in our new plant two water tube

boilers, each having a rating of 250
horse-power and running under 300
pounds pressure, supplying steam to

our 500-H.P. rolling-mill reversing en-

gine which is designed to work with 80
pounds pressure.

In the first place, we will be obliged

to place reducing valves in our steam

main, between the boiler and engine.

This will probably require more than

one valve as there is too great a range

in pressure between 300 pounds and 80
pounds to be successfully handled by a

single valve. The object of these re-

ducing valves is to receive the steam
from the boiler at a pressure higher

than that required at the engine and
by means of throttling, reduce this

higher pressure to the 80 pounds re-

quired. The fall in pressure at the

boiler side of the valves may run all the

way from the 300 pounds down to al-

most 80 pounds, but the pressure on
the reduced side of the valves will al-

ways remain a constant 80 pounds.

Steam at any higher pressure than 80
pounds will only cause a waste of steam
at the engine on account of the high

terminal pressure at the end of the

stroke. This, of course, refers to our
reversing engine, while with an auto-

matic cut-off engine, too high an initial

pressure will cause, toward the end of

the stroke, the wasteful negative press-

ure, which, on the indicator diagram,

will be shown by the terminal loop.

Returning to our rolling-mill engine,

which is exhausted to the atmosphere,
terminal pressure, of course, increases

as the initial pressure is increased above
80 pounds. Thus it will be seen that

reducing valves are a source of great

economy in such practice. Those re-

ducing valves must be very large, larger

than required in ordinary practice.

As for the difference in expense in

running boilers at a pressure of 300
pounds, instead of 100 pounds, it is

hardly worth consideration. Practically

speaking, a pound of coal will evapor-

ate the same number of pounds of water
into steam at any pressure. To show
the truth of this statement, let us take

a pound of steam at 100 pounds press-

ure, and again the same weight at 300
pounds pressure. The total heat in

the first is 1185 heat units, while in the

latter the total heat is but 1209.3 heat

units, a difference of only 24.3 heat

units, and when we consider that our

coal delivers between 13,000 and 15,000
heat units when burned, from 60 to 75
per cent, of which are utilised by the

boiler in making steam, no difficulty

can be had in comprehending the state-

ment that practically the same amount
of water can be evaporated per pound
of coal, irrespective of the pressure.

Now, in order to investigate the

working possibilities of this arrange-

ment, let us consider our plant some-

what in detail. Taking a well-known
horizontal water tube, rated at 250
horse-power, we find that under ordin-

ary working conditions, it contains

about 20, 000 pounds of water. Two of

these, making a battery of 500 horse-

power, will, therefore, contain 40,000
pounds of water. As has already been

stated, our 500 H. P. rolling-mill en-

gine is designed to be operated with 80

pounds pressure. The steam space

and steam liberating surface in these

boilers are designed to be of sufficient

size and capacity to secure dry steam

when the boilers are supplying the maxi-

mum demand. It must be remem-
bered that all sudden lowering in the

pressure of boilers is followed by an in-

creased ebullition of the water, which

has a tendency to project particles of

water into the steam space, and if

ample space is not provided to allow

most of these particles time to drop

back again into the water from which
they have risen, before the out-rushing

steam carries them away into the steam

pipes, trouble is very apt to follow if

this moisture is not entrapped or re-

moved from the steam before it reaches

the engine.
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The exact steam liberating surface

required in a boiler is pretty difficult to

define, as experimenting in this direc-

tion has not determined this with any
precision, but it is safe to say that when
steam is taken from the surface of water

at a speed greater than three feet per

second, water is generally carried with

it. . A curious fact has been noted in

this matter, and that is, after steam
once begins to pick up water as it leaves

its surface in a boiler, it will continue to

do so for a considerable time, even
though the speed of its exit is consider-

ably less than the speed at which it first

began to pick up the water. The ad-

vantages of reduced steam space have
been already discussed under our first

system. Next, let us consider the

amount of water required here, and
compare it with the second system.

Here we have 40,000 pounds in our
boiler, while there we had 100,000
pounds.
One pound ofwater under 300 pounds

steam pressure contains 391.9 heat

units. One pound of water under 80
pounds steam pressure contains 294
heat units. The difference is 97.9 heat

units. We thus find that a drop in

pressure in our boiler from 300 to 80
pounds will render available, from each
pound of water contained in the boiler,

97.9 heat units ; therefore, with 40,000
pounds of water we will have available

3,916,000 heat units to generate quickly

the steam required. Dividing this by
886.7 (the number of heat units neces-

sary to evaporate one pound of water

into steam from the temperature ofwater
under 80 pounds steam pressure), we
find that we will have generated 4416
pounds of steam through this fall in

pressure, and, as our engine requires

500 pounds of steam per minute, we
find, by dividing, that we have a supply
of steam which will supply our engines

for 8.83 minutes, to say nothing of the

steam generated directly by the fire dur-

ing this interval.

Thus, we have almost three times as

much reserve energy available as in the

second system, while we have but two-

fifths the amount of water. It is a well-

known fact that water-tube boilers are

very rapid steam makers, and in conse-

quence of this, after dropping their

pressure, as has just been stated, they
will commence "picking up" imme-
diately, and the nine minutes during
which they are delivering steam from
the available heat they have stored in

the water under 300 pounds pressure are

more than ample time for them to re-

cover their maximum pressure again,

and thus the desired result is accom-
plished.

To show where economy in operation

occurs in this system, there are many
points which may be considered. In

the first place, there is a smaller number
of boilers required, which need a

smaller boiler house, thus economising
room. Fewer boilers require fewer

attendants. There is in this system
needed but 40 per cent, of the water that

is necessary in the second one, and that

means that it will require but 40 per

cent, of the fuel, when starting the

boiler, to raise the water from the

temperature of the feed to the tempera-
ture of the steam, and it must be re-

membered that the amount of iron

work and masonry to be heated and
maintained at a working temperature is

far less in this system than in any other.

If we have a single-cylinder engine
the lower pressure should be from 80
to 90 pounds, while with a compound
engine, expanding its steam through
two cylinders, 120 pounds has generally

been found good practice. Passing
steam through the reducing valve se-

cures a most desirable result, aside from
the mere reduction in pressure ; that is,

it either dries or superheats the steam
delivered to the engine. A moment's
reflection will assure us of this fact.

We know that the total heat contained
in one pound of saturated steam under
300 pounds pressure is 1209.3 heat
units, and as there is practically no ex-

ternal work done by the steam when
passing through the reducing valve,

this pound of steam, although reduced
to a lower pressure, must contain the

same number of heat units. Dry sat-

urated steam at 90 pounds pressure we
find contains only 1 182.9 heat units;

thus we have (1209.3—1182.9) 26.4
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heat units in excess of what is needed
for dry steam. As dry steam requires

but 0.48 of a heat unit to raise one
pound one degree, we find that our re-

ducing valve will raise the temperature
of the steam at 90 pounds pressure, 55
degrees Fahr. above its normal tem-
perature, providing the steam entering

the reducing valve is dry. Should it,

however, contain any moisture, this

superheating effort will go toward
evaporating the entrained moisture into

steam.

I have already described the opera-

tion of the high-pressure boilers work-
ing with their reducing valves, and now
you will doubtless say, What saving

can there be in fuel with this arrange-

ment? In case our station has been
working to its maximum limit and the

load is suddenly diminished, the heavy
fires carried, in order to supply steam
enough for our crowded engines, will

require some little time to burn down
to the point needed to supply steam
under our reduced conditions. Again,
after operating the boilers to supply a

light demand for steam and a heavy de-

mand comes suddenly, how can our
light fires be brought up quickly to the

intensity needed to meet the new re-

quirements ? These apparent difficulties

can easily be overcome by using a

mechanical induced draft with a regu-

lating device, which will vary the in-

tensity of the draft to suit the require-

ments.

As every one knows, combustion in

boiler practice is controlled by the

amount of air passing through the

grates. As the supply of air is dimin-

ished, the fire grows dull and finally,

when it is shut off entirely, the fire

smoulders and is soon extinguished.

The regulated mechanical induced draft

is arranged so as to control the air

supply of the furnace, and it works be-

tween wide limits of variation in a very
short interval. This device is simply
constructed by placing a fan in the flue

between the boilers and the chimney.
This fan is driven by means of belting

by a small steam engine working direct

upon the driving shaft, or by an electric

motor. The speed of each of these

driving devices is regulated by means
of an attachment which is moved as the

steam pressure varies in the boiler, very
similar to the well-known action of the

automatic damper regulator. This me-
chanically induced draft is not a patented
device and so is open to all for use.

There are many electric light plants

in which this system can be used to

great advantage without the addition of

the economiser, which will materially

reduce the cost of installation. In some
of these plants, we find the extreme
maximum load lasting but two or three

hours each day, and it will be merely
during these times that the excessive

temperature of flue gases exists.

After all, the matter of introducing

any appliances to the steam plant .re-

solves itself down to a simple commer-
cial problem. Taking the matter of

first cost and cost of installation, to

which must be added the cost of main-

tenance, we can easily figure the interest

on the investment. Next, after care-

fully considering the appliance, and se-

curing, by personal investigation, the

true results of other experience, you
can determine with close approxima-
tion the real saving that the appliance

will make to the plant. Next, balance

up and you will be able to determine

whether it is advisable to invest or not.
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By Samuel Webber,

IN
a consideration of the subject of

vertical and horizontal turbines it

may be interesting to refer, for a

moment, to the origin and primary
functions of the original vertical shaft

wheel, which was used many centuries

ago for the purpose of grinding the

various grains which form the principal

food of man.
This object was, undoubtedly, first

attained by simple pounding with a

mallet or pestle of stone, but it was
probably soon discovered that a finer

flour was secured by the rotation of

one flat stone on another in a horizontal

direction, and the old hand-mill, men-
tioned in the Scriptures, and still in

use among primitive peoples, was
evolved.

As man began to utilise the forces

of Nature to aid his muscles, he found
that he could readily apply the force of

falling water to paddles set on a vertical

shaft, which would give the necessary

rotary motion to the millstones in the

proper direction, without intermediate

transmitting machinery, and from this

early "flutter wheel" first the "tub
wheel '

' and then the turbine were
evolved.

There are certain purposes, like the

uses for which it was originally devised,

and certain circumstances, such as a

very low fall of water, for which the

original vertical shaft wheel is well

adapted and, in the latter instance,

indispensable ; but when the waterfall

is high, and the line of rotary motion,
as in the great bulk of machinery, is

vertical instead of horizontal, it be-

comes of advantage to mount the first

motor or turbine on a horizontal shaft,

and dispense with the bevel gears which
are usually employed to change the

direction of the motion.

The first notice I can find of the use

of a horizontal shaft for a wheel in

which the water is wholly confined and
issues through apertures is in " Glynn
on Water Power " (John Weale, 1853),
in which Mr. Glynn speaks of its appli-

cation to a pair of Archimedian scroll

wheels, by Professor Redtenbacher, of

Carlsruhe, Germany. The next is the

one noted in Cassier's Magazine of

November, 1895, of the application, by
Mr. Geyelin, of Philadelphia, of water

to a pair of turbines, in 1854, in Mex-
ico, under a head of 160 feet. Under
this fall it is not probable that draft

tubes were used, but about i860 or

1 86 1 the late John C. Hoadley put in a

Parker scroll wheel, with rectangular

wooden draft tubes, for the print works
at Manchester, N. H., U. S. A., of

which the writer was the manager.
The power from this wheel was trans-

mitted by a belt directly to the main
cylinder, or bowl, of a twelve-colour

printing machine, and the result was so

satisfactory that the writer devised a

small inward-flow iron turbine, dis-

charging through a quarter-turn into

an iron draft-tube, and in the following

year put in six of them. His attention

to this matter was diverted by other

business, and he thought no more of

the matter until 1876, when Mr. A. M.
Swain put in a pair of 24-inch turbines

on a horizontal shaft, under 65 feet

head, for the Lake George Manufactur-

ing Company, at Ticonderoga, N. Y.

In 1879, the writer tested, at Hol-

yoke, a pair of horizontal shaft wheels,

built by Gates Curtis, of OgdensbUrg,
N. Y., and in 1880 he designed a plan

for three wheels on one shaft, for the

P. C. Cheney Paper Company, ol

Manchester, N. H. These wheels

were made by Messrs. T. H. Risdon
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& Co., of Mt. Holly, N. J., and worked
to entire satisfaction under 39 feet head,

of which 13 feet was above the wheels

and 26 feet in the draft- tube.

It was the invention of the draft- tube

by Amasa and Zebulon Parker, in i8_io,

which made horizontal shaft wheels

possible, and after the success of the

wheels above mentioned the system was
adopted by all the prominent wheel
builders, and is now fast superseding
the vertical shaft, except in the cases

above noted, where the fall is too low
to use a horizontal shaft and keep the

belts and pulleys above high water, or

where the horizontal rotation of the

machinery is desirable, as in an old-

fashioned grist mill. With the modern
system of roller milling, it is no longer

needed for the production of flour.

The term draft tube may not be
familiar to all, and a word of explana-

tion may therefore be advisable. The
Messrs. Parker, above mentioned, of

Licking, O., discovered in 1840 that it

was not necessary to set a " reaction

wheel," as a turbine was then called,

at the bottom of the fall, but that an
equal result might be attained from
them if they were set in an air tight

chamber, not farther from the tail

water than the ordinary limit of suction

of a pump. This is theoretically about

34 feet, but is not practically so, as

under any ordinary circumstances, a

perfect vacuum is unattainable. The
writer has had great difficulty in per-

suading well informed people, that the

law of suction, as it may be termed,

could be thus reversed, and the whole
weight of the water in a tube, not over

30 feet in length, be made to bear on a

turbine, set at any point in this tube.

In the case above referred to, of the

26-foot draft tubes, at Manchester,
Messrs. Risdon & Co. were skeptical,

but the writer took the responsibility,

instructing the boilermakers who made
the tubes, "to think they were mak-
ing a steam boiler." From 18 to 20
feet long is usually sufficient, and clears

all the pulleys and belts from tail

water. It should not be forgotten,

however, to put in a blow pipe and
valve, just below the wheel, to expel

the air freely when the water is let on,

but when running, this should be closed

and the tube should be air tight.

All improvements work their way
slowly at first. It took a long time to

convince the old-fashioned millwrights

that there could be anything better than

the old breast wheel. It took a long
time, also, to convince the owners of

the great American cotton mills at

Lowell, Manchester and Holyoke that

anything could be equal to the expen-

sive Boyden-Fourneyon turbine, and,

even now, a similar turbine has been
introduced at Niagara Falls, with its

enormous vertical shaft.

It has been a long struggle to per-

suade people that there was no more
loss of power in changing the direction

of the water from horizontal to vertical

in a draft-tube than there was in turn-

ing it from a vertical to a horizontal in

a Boyden wheel. With proper curves

in air-tight tubes, there is no loss of

power except from friction, and if the

tubes are of proper size that is slight.

I can quote no higher authority on
this subject than that of the late James
B. Francis, who wrote:—"On theo-

retical grounds, I believed that, if prop-

erly constructed and applied, there

could be no sensible loss of power
by this arrangement, over placing the

wheel on a vertical shaft below the

surface of the water in the wheelpit, but

I desired to test it practically.

The tests I made satisfied me that the

loss of power, if any, was very small

—

too small to be measured with the

apparatus I had, and the advantages

of dispensing with a step and with

gears for transmitting the power far

exceed, in my opinion, any loss of

power due to this arrangement."

The loss of power in transmission

through bevel gears is a very uncertain

quantity. It is commonly estimated

at about 5 or 6 per cent., but if the

gears are not in perfect alignment, well

lubricated, and in proper mesh, it may
be much more. The writer has found

much more than that difference by
resetting gears in a mill which were out

of true and grinding badly. A recent

test, by the writer, of a wheel guaran-
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teed to give 50 horse-power, from tests

by Mr. Francis, on a vertical shaft,

gave 47 horse-power when tested on
the jack-shaft after passing through a

pair of gears, or a loss of 6 per cent.,

and the gears and shafting there were in

perfect order.

The saving of steps is also worth
considering. The writer has seen at a

certain mill, where the water in times of

freshets was full of red sand, a bushel

or two of worn-out, hard-pine steps

thrown out behind the wheel house,

which had accumulated in a short time.

Now, it is an expensive job to pump
out a wheel pit and replace a step, and
this is entirely avoided by the use of

horizontal shafts. Beside the loss of

power in transmission through gears,

the expense of attendance and lubrica-

tion is very considerable, while it is but

a trifle to oil the bearings of a pair of

wheels on a horizontal shaft twice a

day, and by setting the wheels in pairs

to thrust against each other, all end
friction is avoided.

If, as in case of too low beads,

vertical shafts are necessary, the gears

should be planed to a centre, and the

steps should be so arranged as to be
always in water. A very good plan is

to bore a hole through the step, verti-

cally or axially in the centre, with a

cross groove on top, and feed this

through a pipe from the bottom with

a stream of fresh water under pressure
;

this washes away any sand which may
settle in the pit.

The case may be summed up in

favour of the horizontal shaft, wherever
the head is high enough to keep the

belt pullies out of water, in the follow-

ing words :

1. The saving of at least 5 per cent,

power in gear friction.

2. The saving of the expense and
annoyance of lubrication, with its con-

stant distribution of black grease over

everything in the neighbourhood.

3. The saving of all trouble from

steps wearing out under water.

4. The convenience of having the

wheel perfectly accessible at all times

for examination or repairs, by means
of a manhole in the case, although this

may be done with any wheel where a

draft tube is used.

5. The general comfort and conven-

ience of a noiseless wheel, in a clean

and well-lighted room, where wheel

gates, belt pullies, and everything else

are visible and readily accessible.

The horizontal shaft turbine has come
to stay, as any of the great wheel-

builders will tell anyone, from their

present order books.

LOCOMOTIVES OF THE GREAT WESTERN RAIL-

WAY, ENGLAND.

By C. R. King.

I^HE reproductions given herewith,

from views of locomotives and
rolling stock of the great West-

ern Railway in England, are not with-

out some pathos, for they serve to show
how much one man, with too great au-

thority, or of undue holding upon the

estimation of others, can, at the com-
mencement of an undertaking, conduct

his collaborators by a road which will

assuredly end in disaster, for though

his views may be sound and his reason-

ing just, he cannot afford to stand

alone, but must go with the stream of

the majority.

It would be hazardous to assert that

Brunei was wrong with his 7-foot gauge

if we look thoughtfully at the great

strides made in the enlargement of rail-

way rolling stock even in the last de-
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DISCARDED BROAD GAUGE LOCOMOTIVES AT THE SWINDON SHOPS.

ANOTHER VIEW OF THE ENGINES.
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ONE OF THE CONVERTED ENGINES.

EARLY AND MODERN FORMS OF BROAD GAUGE CARS ON THE GREAT WESTERN RAILWAY.
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cade,—when locomotive boilers have
been amplified again and again, until

their size has necessitated a very high

centre of gravity, or they have been
made elliptical in sections. One en-

gineer builds two boilers, one on the

top of the other, and yet another hangs

two additional boilers from the sides of

the main generator, in order not to

adopt a boiler of very large diameter.

Besides boilers being uncomfortably

crowded, the cylinders are hardly less

so ; in fact, we appear to be cramping
the future of the steam locomotive by
the restriction imposed by high driving

wheels upon a gauge of metals that

Brunei thought too narrow.

However, he was wrong,—or at least

we will go on considering he was until

we have exhausted all mechanical in-

genuity in keeping down the width of

locomotive boilers, and Europeans will

have abandoned forever the practice of

inside cylinders from pure lack of space.

The year 1892 was death to Brunei's

gauge. His successors gave way to the

needs of the day, and the practice of

the majority. Could he have seen the

hundreds of locomotives, in perfect

working order, the luxurious modern
cars and freight trucks, representing a

vast sum, all gathered together over

acres of ground previous to breaking

them up or converting them, the scene

would, for him, have been a vast ceme-

tery, representing the end of all for

which he had toiled.

The converted stock, from its ample
proportions, has given to the Great
Western Railway some excellent types

for its narrower gauge system. The
illustration above represents a former
standard express-locomotive designed
by Sir Daniel Gooch. It has since been
rebuilt with larger boiler and 18-inch

cylinders. The following table of di-

mensions shows the proportions of the

present standard express-engines which
have replaced the big-wheel broad-

gauge locomotives. For the first time

the swivel truck, or bogie, has been in-

troduced by the Great Western Com-
pany in these new engines :

—

Cylinders—Diameter, 19 in.; stroke, 24 in.

Boiler—Barrel, n ft. 6 in. diameter.
Firebox—Outs, 6 ft. 4 in. x 4 ft.; ins. 5 ft. 8 in. x 3 ft.

4 in. ; height, 6 ft. 2 in
Tubes—Number, 266; diameter, iji in.; length, 11

ft. q% in.

Heating surface—Tubes, 1434.27 sq. ft.; firebox,
127.06 sq. ft.; total, 1561.33 sq. ft.

Area of fire-grate—20.8 sq. ft.

Wheels—Bogie, 4 ft. 10 in.; driving, 7 ft. 8 in.; trail-
ing, 4 ft. 6 in.

Water capacity of tender—3000 gallons.
Working pressure—160 lbs.

Total weight of engine and tender—81 tons, 10 cwt.

In this type of engine the elevated

firebox-shell has been reintroduced as

it existed in the old ones of the broad-

gauge style
;
previous to the creation

of the new machines the sheathing of

the boiler barrel, smoke-box and fire-

box shell was flush from end to end.

EARLY AMERICAN SAW-MILLS.

By Joel Sharp.

AN attempt to favour the readers of

Cassier's Magazine with an ac-

curate history ofthe development
of saw- mills in the United States, even to

the exclusion ofmany details which would
be of interest to a large number ofthem,
is necessarily attended with considerable

difficulty, by reason of there being so

much unrecorded data, which must be
gathered from the memory of those still

living who are most familiar with such
history.

Even the encyclopedias fail to give
the most important steps in the develop-
ment of the machinery used, and the
application of the motive power. The
Britannica speaks of several mills

"along the Atlantic coast of North
America about 1634, a description of
one being that of all. In these mills
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the saw was attached by a long pitman
from the water wheel shaft to a ponder-
ous saw-gate, running in wooden slides

upon two heavy posts, crossed above by
a beam connecting the two sides of the

mill-frame. The mill carriage, on which
the log lay, was pushed toward the saw
by a rack and pinion, moved by a

feed wheel. The daily capacity of these

mills was from 500 to 1500 superficial

feet."

This brief extract will, perhaps, give

a fair idea of the crudeness and very
modest capacity of the first mills of

America, and history does not record

any very marked fundamental improve-
ment until the present century. If we
give here, a brief record of the evolution

of the saw-mill in Northeastern Ohio,
where grew the majestic poplar, oak
and other typical forest saw-mill timber,

as it was pushed forward to its more
modern state ofperfection by the Sharps,

who settled there in the early part of the

century, we will perhaps have " told the

story," so to speak, of the development
of this industry, because theirs was
pioneer work and their successive im-

provements were always in the lead.

Joel Sharp, Sr., the father of the

Sharps referred to, emigrated to Sa-

lem, O., from New Jersey in the year
1806. He was a carpenter by trade.

His eldest son Thomas, born in 1808, is

the real hero of our story, because the

evolution of the saw-mill and its neces-

sary accompaniment, the introduction

of the high speed engine, were both the

results of his genius, courage and en-

ergy.

The "sash" saw-mill was generally

popular until about the year 1833.
They were generally water power mills,

located in the heavy timber, frequently

on small streams which were abundant
in the country at that time. It is not
uncommon to find the marks of those

mills now, on streams nearly extinct, or

entirely so, at the dry season of the
year. The mills were necessarily lim-

ited in speed (say 60 to 100 strokes per
minute) by reason of their ponderous
saw- gate, which was necessarily twice
the width of a 4-foot log, with a capac-
ity not exceeding 1500 feet in ten hours,

with most favourable timbers. We re-

fer to those mills as the ones then in

practice for country custom sawing, not

to large lumbering establishments where
rafting facilities were available.

The first really successful mulay saw-

mill in northeastern Ohio was built by
Thomas Sharp for Leonard Case, Sr.,

father of the founder of the Case School
of Applied Science at Cleveland, O.
This mill was erected five miles west of

Cleveland in 1833. I ts power was a

io"x36" engine of the style of those

days, speeded 60 revolutions per minute
with a 1 o-foot driving pulley and 12-inch

belt, to a 2 -foot driven pulley on the saw
shaft, thus speeding the saw to 300
strokes per minute. This style of steam
saw-mill was the one in general use

until the late forties, except that shorter

strokes and higher rotative speed en-

gines were soon adopted, giving the saw
2^ to 3 strokes to one revolution of

the engine, instead of five to one as be-

fore.

The Case mill above referred to was
built under difficulties for the want of

proper machine shop facilities. As a

sample, the mulays were of wood, ex-

cept the slides, which were furnished in

the rough and had to be trued up at the

mill by peaning, and dressed with file

and grind stone. Iron planers were un-

known in the country then. The first

feed was a rag wheel of the old ratchet

type that fed with each stroke of the

saw. This proved unsatisfactory at a

speed of 300 per minute, and a continu-

ous feed by means of cone pulleys, belt

and cog gear was substituted. This in-

creased the capacity of the mill, say

from 3000 to 4000 feet and sometimes,

with favourable logs, to 5000 feet per

ten hours.

Mr. Sharp operated this mill until the

year 1842, when it was destroyed by
fire. Then he returned to Salem and
started a small machine shop, where he
began building belted mulay saw-mills,

gradually increasing the rotative speed
of the engine until 1845, when he con-

ceived the idea of a direct action mulay
mill; viz., the engine and saw crank at-

tached to the same shaft. The first of

these mills ever built was turned out by
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Mr. Sharp for a company in Mahoning
County, 0. They were a success from
the start. They fully equalled the

belted mills in capacity, and cost much
less.

Thousands of them were erected in

western Pennsylvania, Ohio, southern

Michigan, Indiana, Illinois, Missouri,

Iowa and Kansas, and a {ew south of

the Ohio river. The engines were of the

ordinary unbalanced slide valve type,

with a valve at each end of the cylinder,

light reciprocating parts, and very lib-

eral port capacity, with a view to the

largest possible freedom of exhaust,

which, of course, involved large induc-

tion capacity so far as the slide valves

were concerned. But the importance
of the latter was lost sight of in steam
pipe capacity, the relative proportions

being, say, for a 6^"xi6" engine, a 4-

inch exhaust pipe and 2-inch steam pipe

or less.

We are indebted to the steam engine
indicator for first calling our attention to

this error in steam pipe capacity in the

early seventies. However, even with

the cramped steam pipe capacity the

limit of speed was not with the engine,

but with the saw and its connections.

As to steam economy, the Case mill,

with its io"x36" engine, required for

fuel all the slabs and an equivalent

amount of cord wood besides, while the

direct-action mills became so perfected

that the sawdust and chips furnished

ample fuel where proper facilities were
provided for burning the sawdust.

These mills, with reasonable skill,

were good for from 7000 to 8000 feet

per day, and were finally built by num-
erous other makers. Their complete
success finally suggested the direct ac-

tion circular saw-mill, and in 1856
Sharp, Davis & Bonsall (founders of the

Buckeye Engine Company) built the

first one of this kind for a large land

owner in Iowa, who wanted a portable

saw-mill to cut lumber to improve his

farm. We remember that the gentle-

man came to Salem with his money in

a belt under his clothes (bank checks
were not as common then as now), and
staid with us until we built and shipped
his mill.

3-4

The foundation for this engine was on
oak timbers, about io"x2o", keyed at

each end to solid oak stumps, about 2

feet in diameter and 15 feet apart. The
mill was set properly on this and started

without a shelter of any description.

The engine was a 6"xi4" and drove a
54-inch saw. The capacity was from 600
to 800 feet of oak boards per hour when
properly handled. This was doubtless

the first direct-action circular saw-mill

in the United States, if not in the world.

The success of this mill encouraged the

building of others of the same type, and
in a few years they substantially super-

seded the direct mulay.
The engines for these mills that were

furnished by the Sharps and their co-

partners, were from 6" to 8" bore and 14"

stroke, and they, as well as the engines

for direct mulay mills, were operated
without a governor. The sawyer had
control of a gate valve in the steam pipe

by means of a lever, or a cord over pul-

leys, and ran the engine at any speed
desired, generally at the rate of 400 or

500 revolutions per minute. For their

duty the engines would stand up to this

speed very well, as it was only for a few

seconds at a time, or while a cut was
being made ; then the gate valve was
partially closed and the speed reduced
while the log carriage was backed, and
the log set for the next cut. The prac-

tice called for a very light fly-wheel in

order to stop and start quickly. The
reciprocating parts of the engine were
all made as light as possible, consistent

with requisite strength. Disc cranks

were always used, and balanced with the

shaft on parallels. Experience with

these engines demonstrated that, when
doing hard work, they would run quietly

at a very high rotative speed,—more so

than at a slow speed. When the saw-

yer would start into the cut with a slow

or moderate speed, the engine would
pound, but as the speed increased the

pounding would disappear almost en-

tirely.

A test trial of direct mills was made
by Sharp, Davis & Bonsall in the

spring of 1857 as follows :—The mill

proper was one of their regular direct

mulay mills, with one boiler, 40 inches



CASSIER'S MAGAZINE.

in diameter, 16 feet long, with two 14-

inch flues; engine, 6^"xi7". On
the opposite side of the boiler they set

up, temporarily, one of their direct

circular mills, with 6"xi^." engine

and 54" saw ; both engines took
steam from this boiler. With the mu-
lay saw they cut in nine hours, from

twenty-three poplar logs, 12,229 feet
>

all inch boards, except 1100 feet of 2-

inch planks ; and with the circular mill,

in nine hours and four minutes, they

cut from forty-two poplar logs 14,948
feet, all inch boards; in all, 27,177 feet.

The fuel was 2% cords of dry slabs.

There was nothing remarkable in this,

excepting the amount of work done
with those small engines. The firing

was very brisk, and possibly half the

heat generated went up the chimney.

With a proper amount of modern
boiler capacity, at least one-third less

fuel would have done the work. The
test was made to satisfy a competitive

builder. Many of our direct circular

mills were built with 8"xi4" engines,

and 60 to 66-inch saws. Sometimes a

30-inch top saw was added. With

good-sized timber and proper handling,

these mills had a capacity of 2000 feet

per hour from our soft timbers.

During late years, since the remaining
timber is very generally in small patches,

the portable belted circular mill is doing
country sawing, the power for it being
furnished by agricultural engines of

various types, the mills being moved
from one timber lot to another, as de-

sired by owners. These mills are

necessarily of small capacity, say, with

the present average of the timber, 1 500
to 2000 superficial feet per ten hours.

In conclusion, we need only to add
that the advent of the modern large

gang mill with edgers, and steam feed,

etc., in the great pine forests in the

Northwest, where a large log is liter-

ally transformed into boards in one
single trip, and where one mill turns

out as high as 100,000 feet of lumber
in a single day, has dispelled the neces-

sity of any further advancement on this

line, even though such were possible.

Figuratively speaking, forests have
already hoisted the white flag, and are

crying " Hold ! Enough ! !

"

Jte^'--



FOUNDRY CRANES.

By A. E. Outerbridge, Jr.

The matter given below was originally presented in the shape of an address, delivered at the inaugural
meeting of the National Foundrymen's Association at Philadelphia last Mav. It was illustrated by
numerous lantern slides, showing various kinds of jib and traveling craues, installed and operating aud
some of these have been here reproduced among others.

W E may readily be-

lieve that one
of the earliest

necessities of the primitive

founder was some form of

apparatus for handling his

heavy materials, and
crude appliances for this

purpose are known to have ex-

isted from a very early period.

It may, however, surprise those

who have not investigated the

subject historically to learn that

records are extant showing
that even the Egyptians pos-

sessed elaborately constructed derricks

and other hoisting appliances.

A gentleman who recently returned
from an extended tour in that land of

antiquity informed me that one of the

most interesting places he visited while
in Egypt was a large chamber, or vault,

in the interior of one of the pyramids
which contained the sarcophagus of the
king who caused its construction.

The walls of this room were lined

with large slabs of stone upon which
were carved, in low relief, hundreds of
figures, illustrating the method of con-
structing the pyramid, including the
quarrying of the stone. Although my
friend is not a mechanic, he said that

the representations of derricks and other
apparatus, with winches, ropes, etc.,

for hoisting and moving the large stones,

resembled many of the appliances for

similar uses which may be seen in parts

of Europe even at this day.

These carvings are more than four

thousand years old and are as sharply

A DOUBLE TROLLEY ELECTRIC TRAVELING CRANE. BUILT BY THE MORGAN
ENGINEERING CO., ALLIANCE, OHIO, U. S. A.
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-CRANE. BUILT BY MESSRS. WILLIAM SELLERS & CO , PHILADELPHIA, PA.,
FOR THE BALDWIN LOCOMOTIVE WORKS AT PHILADELPHIA.

Two hoisting speeds. Effective radius of jib, 30 feet. Operated by single constant speed motor.
Arranged to lower by power or brake, as may be required.

defined as when fresh from the graver's

tool ; even the original faint tracings of

the artist could be detected in some
instances. *

* Mr. Ferguson, in his History ofArchitecture [vol.

1, pp. 91-92], says:—"No one can possibly examine
the interior of the great pyramid (Cheops) without
being struck with astonishment at the wonderful
mechanical skill displayed in its construction. The
immense blocks of granite brought from SygnS, a
distance of 500 miles, are polished like glass, and so
fitted that the joints can scarcely be detected; Noth-

Coming down to a comparatively

modern period, interest is attached to

the illustration on page 223, being a

photograph of an ancient drawing of a

iug can be more wonderful than the extraordinary
amount of knowledge displayed in the construction
of the discharging chambers over the roof of the
principal apartment, in the alignment of the sloping
galleries, in the provision of ventilating shafts, and
in all the wonderful contrivances of the structure.
.... Nothing more perfect mechanically has

ever been erected since that time."
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crane devised by an English mechanic,

Mr. Pinchbeck, which was examined
by a committee of the Society of

Arts of London, and to which the

society's gold medal was awarded in

the year 1767. Such a crane would
excite attention as a novelty, even

at this day. This picture will serve

to establish the '

' state of the art
'

'

at that date and afford a starting

point for a brief survey of the ground
which has been covered in the past

century, but more especially within the

past decade.

I find that while there are many
references to cranes in text books on
mechanics there is almost no literature

devoted exclusively to this subject, and
the ephemeral magazine articles, which
appear from time to time, are mainly
descriptions of new special apparatus.

The impression might be gained from a

perusal ofthese papers that the ' 'swing'

'

or "jib " crane is now almost obsolete,

i

A 30-TON SELLERS STEAM JIB CRANE IN THE FOUNDRY OF THE J. MORTON POOLE CO.,

WILMINGTON, DEL., U. S. A.

Height of post, 26 feet ; effective radius of hook, 2^ feet. All movements by power. Driven by inde-

pendent 8x8 inch engines, bolted to frame carrying machinery, receiving steam through upper pintle and
lischarging exhaust through step in foundation plate.
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having been superseded by the modern
"traveling crane." There are two
erroneous impressions contained in such
a conclusion; first, the jib crane is by
no means obsolete, nor is it likely to

become so in our day ; second, the

traveling crane is not so novel an appli-

ance as many mechanics suppose.

Overhead travelers were constructed

and erected in at least one machine
shop more than forty years ago and
have been continuously and success-

fully operated ever since that time.

A SELLERS I-TON HYDRAULIC PILLAR CRANE

It is true that the constantly increas-

ing magnitude of engineering construc-

tions and the need of economy of time

and labour in handling heavy materials

used in such constructions has stimu-

lated invention and has produced im-

provements in design and construction,

which have enormously increased the

efficiency of traveling cranes and have
caused them, in many instances, to

supersede the swing cranes which are

more limited in their sphere of action.

On the other hand, there are many
situations which are not well adapted to

the economical use of travelers, where
"jib" or "swing" cranes are more
advantageous and will, therefore, con-

tinue to be used; but, when we compare
the modern improved high-speed jib

crane,—having a light wrought-iron
frame, safety clutches, electric motor,
and other novel appliances,—with the
cumbersome, old-fashioned, wooden
prototype, we find that the jib crane,

far from becoming obsolete, has been
modernised and improved
in quite as marked a man-
ner as in the case of the

traveling crane.

There are numerous sub-

divisions of both classes of

cranes, such as pillar, col-

umn, derrick and locomotive
cranes. Some have rotary

motion around a mast or
column ; some have rectili-

near motion, in which the

load is moved in one or

more directions in straight

lines ; they are, moreover,
designated as hand, power,
steam, pneumatic, hydraulic,

and electric, according to the

particular motive power.
There are certain funda-

mental principles which are

applicable to all cranes.

The first and most important

consideration in a machine,
designed to transport enor-

mously heavy materials over
the heads of workmen, is

the factor of safety.

The second important con-
sideration is that of speed, in

which the ability to reach the load to

be moved in the shortest possible time

(whereby the preliminary operations of

getting ready to lift are materially

hastened) must be combined with a

steady motion when hoisting the load

—

;

free from jar—and susceptible of the

most delicate adjustment.

The third consideration—largely a

consequence of the second—is that of

economy of operation. This implies,

in addition to quickness of movement,
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ENLARGED DETAIL OF THE CRANE BELOW.

the judicious location of all working
parts within easy sight and reach, for

facilitating oiling, tightening of nuts,

etc. , by the attendant when not operating

the levers; ease with which parts may
be removed for repairs, together with

ample proportions of each piece in its

proper relation to the whole, all tending

to minimise the cost of maintenance.

The functions of the jib and of the

traveling crane, while sometimes over-

lapping, are more often quite distinct.

It may be said, in a general way, that

in foundries where heavy castings are

made—necessitating the handling of

long flasks, large cores, and immense
ladles of molten metal, the overhead
traveling crane, occupying no floor

space, and performing the work of a

number ofjib cranes more expeditiously,

presents economic advantages of such
importance that it has now come into

almost universal use.

In establishments where miscellaneous

work, of comparatively light weight,

requiring frequent service by moulders,

for short intervals of time, of a quick
hoisting apparatus ofmoderate capacity,

A SAFETY TRAVELING CRANE. MADE BY MESSRS. EDWIN HARRINGTON, SON & CO.
PHILADELPHIA, PA., U. S. A.
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the modern jib crane, however, presents

superior advantages ; in not a few
foundries a combination of jib and trav-

eling cranes is found very economical.

There are local conditions which also

exert influence in determining the rel-

ative value of jib or traveling cranes. A
long narrow foundry, where moulds
are situated at a distance from the

cupolas, is better adapted to the use

of traveling cranes than a foundry of

different shape where the moulders'

floors are, perhaps, laid out in circles

and each moulder is more conveniently
served by an independent jib crane,

with its post in the centre of his floor.

I may cite—as an evidence of the

comparative economy resulting from
such appropriate arrangements—an in-

stance coming under my own observa-

tion, where, in one car-wheel foundry,

twenty wheels, 33 inches in diameter,

make the usual day' s work of a moulder,
while ten moulds in another similar es-

BUILT BY MESSRS. WILLIAM SELLERS & CO.A 5-TON STEAM PILLAR JIB-CI

Carried upon riveted steel pillar, bolted to foundation, driven by independent steam engine, and receiving-
steani from stationary boiler through top pintle bearing. Maximum height of hook, 25 feet. Effective
radius of hook, 30 feet.
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tablishment, without equal modern
facilities, constitute the usual day's
work, the only important difference be-

tween the two being in the superior

facilities for handling flasks and wheels
in the first named case.*

The old fashioned jib crane was an
exceedingly clumsy construction of

timbers, bolted together, braced with

wrought iron rods and capped with

iron castings. This composite structure

was not only cumbersome in appear-
ance and slow of motion, but it was
subject to deterioration through shrink-

age and decay, caused by heat, cold,

and dampness.
Such structures are indeed obsolete

to-day; but they have been replaced by
jib cranes having a light framework of
wrought iron, scientifically constructed,

advantage having been taken of the

great improvements and economies
which have occurred in the manufacture
of structural iron in recent years.

The tendency to follow in beaten tracks

was evident even after wrought iron was
substituted for wooden frames, but it

was soon found that the rapid rotation

as well as quick hoisting, required in

modern cranes, demanded an entirely

* A. recent editorial in London Engineering [March
6th], entitled " Panaceas for Labour Strikes," in-
stances the case of two ship yards side by side, in
one of which steam derricks are used for plating-, and
the price paid is 8 shillings per plate, whereas in the
other yard the plates have to be lifted by manual
labour, and the employer has to pay for the same
size of plate 8s 6d. II is surprising "that any firm
should be without stfam derricks, and there is little

wonder that the men getting 8s. 6d. a plate earn less
wage than those paid 8s.

different structure, having much greater

torsional stiffness.

A basket framework of lattice girders,

having both lightness and strength, was
then substituted for " I " beams or

channel bars, and, in the improved
type, the trolley or carriage travels

within the frame work of the jib, which
is additionally strengthened by cross

bracing across the top.

The post is latticed and cross braced

on all four sides in the same manner,
and wide plates are used to strongly

unite the parts of the frame both at the

top and bottom. The absence of a

diagonal strut, such as is necessary in

the old fashioned wooden jib cranes,

permits the work to be moved much
nearer to the axis of rotation than was
formerly possible.

Jib cranes may be supported at the

top, by bearings attached to the roof

girders, by struts from the walls, or

they may be made to embrace columns
which support the floor of the building,

or the column may be a pillar secured

to a sufficient foundation requiring no
support from roof or wall. In some
forms of swing cranes the jib may be
raised or lowered to increase or di-

minish the diameter of the circle.

In addition to the forms of cranes

here described, there are a large variety

of smaller hoists, operated by hand, as

well as by pneumatic, steam, hydraulic

and electric powers. Some of these

are specially designed as attachments to
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HYDRAULIC CRANE. MADE BY MESSRS. CRAIG RIDGWAY & SON, COATESVILLE, PA., U. S. A.

machine tools, for lifting heavy work;
others are used for raising and turning

over flasks, in moulding; others are

mounted on trucks and are especially

designed for work in car wheel found-

ries. Indeed, the variety of special

uses for small cranes is almost without

limit, and in all, great improvements
have been made both in quickness of

movement and in lightness of construc-

tion.

Foundrymen in America have, as a

rule, been content with the simplest

and cheapest forms of hoisting appli-

ances which the character of their work
would permit, but recently much more
attention has been paid to improve-
ment in the crane facilities of foundries

and machine shops. This has been
due, in part, to competition, which has

compelled manufacturers to consider

economy in every detail of their work
and methods, and in part to the fact

that crane builders have developed and
improved foundry cranes, so that it is

possible now to procure much more
perfect machines of this character than
could be obtained a few years ago. The
electric motor has played a very im-

portant part in this development, since

it affords a most convenient method of

conveying power to a moving machine,

like a crane.

The first marked improvements in

swing cranes were in the direction of

applying power— either steam or hy-

draulic—and, for some purposes, notice-

ably for Bessemer steel making, such
cranes were carried to a high degree of

convenience and efficiency. The swing
crane, though well adapted to work
where the weights to be lifted are con-

fined to the area covered by the crane,

—as in a pipe foundry or Bessemer
steel pit—is not so convenient when it

becomes necessary to handle product

of varying size and shape, and to trans-

fer such pieces rapidly from one end of

a foundry, or shop, to another.

The time lost in adjusting chains and
the inconvenience of reserving floor

space for temporary resting places for

such objects in transitu constitute objec-

tions to the swing crane under which
many manufacturers are unwilling to

continue to labour when it is no longer

necessary. The traveling crane, cover-

ing, as it does, all the available space

beneath it, if properly designed, does
the work of many swing cranes.
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Passing on to the study of traveling

cranes we find that while overhead
travelers have been used for many-
years, they were formerly crude devices,

originally having wooden bridges re-

quiring much splicing for long spans,

besides trussing and bolting to add
greater strength. They were usually

operated by ropes or by independent
engines.

These old traveling cranes were
necessarily very slow in movement,
and the improvements which have
rapidly followed the substitution of iron

girders for wooden trusses, mechanical
—or, still more recently, electrical

—

power for hand movement, with addi-

tion of quick running gearing, increased

lifting capacity, friction clutches, and
other safety devices, etc., etc., have
combined to produce practically a new

drive was entirely inadequate, and to

transfer the necessary power by square
shaft requires either a very large shaft

or a very high rate of speed, and con-

sequent large waste ofpower by friction.

Then, again, the shaft revolves con-

tinuously, while the crane is operated

at irregular intervals, often with long

periods of rest, during which the shaft

is absorbing an abnormally large share

of power in the foundry or machine
shop.

The electric motor has solved many
of these problems, and it is now prac-

ticable to make traveling cranes

which operate successfully and economi-
cally at speeds which would have been

regarded as impossible by foundrymen
ten years ago. Electricity is applied

to cranes in various ways ; thus, a

motor may be used for each of the

A HAND POWER TRAVELING CRANE. MADE BY MESSRS. ALFRED BOX & CO.,

PHILADELPHIA, PA., U. S. A.

machine and an invaluable aid to the

founder, or other manufacturer.

Various devices have, at times, been
applied to conveying power to a travel-

ing crane. Ropes, square shafts, grooved
shafts, belts, compressed air, steam and
hydraulic power have all been tried and
are still, to some extent, used, but it

was found that to operate heavy cranes

at reasonably high speeds, the rope

motions that it is desired to produce,

the speed and duration of each move-
ment being governed by controlling

and stopping the speed of the motor.

These are called "three motor" or

"all electric" cranes, while others are

operated by machinery situated at a

fixed point on the bridge, and driven

by a constant speed motor, the various

movements being controlled and regu-
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lated by a system of clutches and
mechanical transmission devices.

In the "all electric" type, the

machinery, the motor, and the load are

started from a condition of rest. In

the latter case the motor and that

portion of the machinery which is

running while the crane is in service,

act as a fly-wheel to assist in starting

the load, with the result that there is

less demand for current in cranes of

this type at the moment of starting

than in the former.

Before proceeding to describe in de-

tail the various parts of traveling cranes,

it may be well to pause for a moment
to consider some of the essential quali-

of the foundry, such as raising, turning

over and closing long flasks, etc., may
be accomplished with absolute certainty.

Every founder realises the importance
of these conditions, not only in the

specific operations named, but in others,

—such as in the setting of large cores,

drawing of patterns, etc.—they are

even more imperative.

It would perhaps appear, at first

sight, impracticable for one traveling

crane to attend to the wants of a num-
ber of moulders in handling moulds and
cores, and more particularly at " pour-
ing-oft hour, "when ladles of molten iron

must be handled without loss of time.

Experience has shown that, under
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A 20-TON ELECTRIC TRAVELING CRANE. BUILT BY THE PHCENIX IRON WORKS CO
CLEVELAND, OHIO, U. S. A.

fications of the perfect foundry crane.

These considerations will apply equally

well to all cranes.

I have already adverted to the neces-

sity of absolute safety under all con-

ceivable conditions. This implies that

the load can never run down ; it must
always be pushed down by the hand of

the attendant, so that if, in a moment
of danger or excitement, he should
suddenly desert his post, the load will

remain automatically held until released

by the operator.

The perfect crane must, moreover,
move easily, stop and start gently, and
must hoist vertically, no matter how
many links of chain are paid out from
the drum, so that the delicate operations

average conditions, one good modern
traveling crane meets these severe re-

quirements ; it is certainly a tribute to

its inherent capabilities that this should

be the fact. Something, however,

should be credited to the foundry fore-

man in this respect, for a clever man
can modify the routine methods to

suit the new conditions, so that these

difficulties soon vanish and are for-

gotten, like many other ancient cus-

toms.
The elevated railway traveling crane,

as now constructed, consists of four

essential parts :
—

(i.) The elevated tracks.

(2.) The traveling bridge.

(3.) The trolley car, traversing the



FOUNDRY CRANES.

4 >.

u j5



CASSIER'S MAGAZINE.

bridge and carrying the hoisting mech-
anism.

(4. ) Them otor or driving mechanism

.

The elevated tracks are supported by
columns, or, in buildings specially con-

structed, they are sometimes built in

and supported by the walls. These
tracks run parallel and close to the walls

from one end of the building to the

other. The bridge is constructed of

two parallel girders, extending from rail

to rail, spanning in mid-air the breadth
of the building. Four double-flanged

wheels, usually steel-tired, with steel

axles running in bearings, are bolted to

projections on the girders.

The trolley car, also provided with
double-flanged wheels, runs upon steel

rails laid within or upon the bridge and
bolted securely thereto. This car is

provided with a grooved drum and
double chain, wound thereon, carrying

a forged swivel-hook, mounted securely

in a hoisting block, the block being

AN OLD-TIME WOODEN JIB-CRANE, I763.

furnished with sheaves through which
the chain runs. In some large cranes

the hook turns on ball bearings (more
than 600 balls were used in one in-

stance), and it is found that the friction

is so reduced by these balls that one
man can easily revolve a load of 50
tons, suspended from the hook. By
properly arranging the grooves on the

drum, and winding the double chain
always toward the centre, a perfectly

vertical lift of the load is assured.

I have carefully endeavoured in the

foregoing descriptions ofj ib and traveling

cranes to state only the broad general

principles underlying this species of
mechanism, avoiding allusion to any
special features of different makers or of
different designs of any one manufact-
urer, desiring to treat the subject in as

comprehensive a manner as space will

enable me to do.

Through the kindness of Dr. Cole-

man Sellers, I am enabled to show a

quaint and curious old wooden jib-crane

illustrated in a rare work in four vol-

umes in Dr. Sellers' library, entitled 1

" Dictionary of Arts and Sciences, pub-
lished by the Society of Gentlemen,
London, 1763." (See illustration on
this page.) On the opposite page, too,

is shown an early English '

' Walking
Crane," so-called by reason of the
method of operating.

I was fortunate enought to find

among the rare and valuable old books
which are hidden away in the Franklin
Institute, a beautifully illustrated work,
printed in London in 1782, entitled

"Machines of the Society of Arts."

Through the courtesy of the secretary

I am able to show the illustration of this

English crane; I also have obtained a

brief and imperfect description of it and
a copy of the award, which is as

follows:

—

"This new invented crane of Mr.
Pinchbeck was referred to the commit-
tee of mechanics who was of opinion

that this method of preventing fatal ac-

cidents (which frequently happen in

common walking cranes) is entirely

new, ingenious, and very effectual for

the purposes intended.
" A trial of the crane was made sev-

eral times at Dices' Key, with an hogs-
head of potash, 6000 pounds weight,

and it appeared to the committee that

the invention will fully answer under all

circumstances, and may be constructed

at an easy expense; it was therefore

recommended to the society, to give

Mr. Pinchbeck the gold medal of the

society for his ingeniously constructed
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pinchbeck's walking crane, 1782.

and useful invention, to which the

society agreed on June 3, 1767."
In the illustration, E is a great walk-

ing wheel in which men walk (evidently

for hoisting the load). It is 6 feet 4 inches

in diameter, and 1 foot 4 inches wide.

M is a dial-plate or regulator. The
segment of this plate is divided into

three equal parts, 1, 2 and 3, with a

directing hand by which the motion of

the walking wheel is regulated in the

following manner : When pointed to No.
1, the aperture g, for discharging the

wind out of the bellows, is dilated to its

greatest extent to give vent to the wind

;

when set to No. 3, the aperture is

contracted to its smallest dimension by
which means the upper bellows retains

the blast of wind.

Q is a lifting trundle, passing through
the floor, extending so far below it as

to be lifted up by the upper board of

the receiving bellows when the walking
wheel accidentally revolves with too

great velocity. The trundle, latch,

sliding bolt, and all other movements
are at all times in a state of rest until

the walking wheel is by some accident

violently agitated, and when it so hap-

pens the expansion of the bellows will

be so far extended as to lift up the

trundle, latch, etc."



AMERICAN PRACTICE IN THE USE OF STEAM FOR

PUMPING WATER.

By Wynkoop Kiersted.

T
HE success at-

tending efforts

to economise
power by concentra-

ting the power pro-

ducing plant is too

well illustrated by-

many practical ex-

amples to need de-

fensive argument.
The greatest success

is obtained when the

concent ration of

power embraces
both the steam pro-

ducing plant and the

prime movers, the

power being trans-

mitted from a cen-

tral station and ap-

plied in the desired locality.

In this brief article the author desires

to discuss simply that source of waste of

power exemplified in the operations of

the inferior class of steam pumping
engines so extensively used, both in

manufacturing establishments and small

water-works, and to compare the oper-

ation of that type of engine with that

of other types.

With many industrial institutions the

use of steam for pumping water is inci-

dental; that is to say, it constitutes but

a fractional part of the total use of steam
and possesses but an incidental relation

to the productions of the institution.

Consequently, the installation of a plant

for this portion of the work often re-

ceives little or no skilled consideration,

and frequently a cheap and inferior

grade of machinery is introduced with-

out regard to the economy of operation.

Although in such a plant the con-
sumption of fuel and steam may be enor-
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mous in proportion to the amount of

work done, still the drain upon the re-

sources of the establishment may not be
felt, or may be tolerated, because of the

comparatively insignificant amount of

power consumed for this one purpose.

But let the consumption of water be-

come large, as in those operations re-

quiring water in large amounts for cool-

ing, brewing, refrigerating or other

similar purposes, and the distribution

of it be from several points more or less

isolated; then the pumping expense be-

comes an important factor in the eco-

nomical working of the establishment,

and the low grade pumping engine de-

velops to the fullest extent its abnor-

mal appetite for steam.

It is essentially axiomatic, that un-

necessary waste in any well regulated

factory or similar institution is prohib-

itory. Tentative expedients which may
have prevailed during the days of its

infancy and during the progressive ex-

pansion of its business, cannot success-

fully continue when that business has

assumed large proportions and when
close competition demands a thorough
organisation and an economical admin-
istration in every department.

However, attempts to reduce the

cost of producing and utilising steam-

power should be preceded by a de-

velopment of the relations which one
portion of the work in the establishment

bears to another before instituting

either partial or extensive changes in

the character or general arrangement
of machinery and its dependent parts.

This relation is frequently so intimate

as to materially affect the degree of

economy which it is desirable to realise

in the operation of the principal steam
motors. For instance, when steam is
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used extensively for heating purposes,

it may be advisable to install non-con-
densing engines and to utilise exhaust
steam for heating; or when an engine
is installed and operated for a specific

purpose, as electric lighting, it may be
advisable to maintain as high a load

factor as possible by transmitting power
electrically from it for work of another
character during intervals of a small

load for lighting purposes.

Whatever general statements may be
true of the proper conduct of private

corporate business is also true of the

administration of municipal affairs in all

departments. The operation of a water-

works plant as one of these departments
can be conducted quite as successfully

and economically as can such a plant

under the management of a private cor-

poration, provided there be a business-

like management of the property under
competent supervision, exempt from
political influence and interference.

That character of management will

eventually prevail, as the accumulating
results of experience favour municipal
control and non-partisan management
of water-works properties. Under such
management the health of a community
and the interests of the tax-payer are

properly assumed to be in a position to

receive the best protection.

The inclination of almost every com-
munity upon acquiring the management
•of a water-works by purchase or con-

struction, is, at first, to reduce water
rates or to establish a low annual charge
for water. But such a course is not
always in line with the best economy as

water rates should be high enough to

insure the proper maintenance of the

works and the accumulation of a fund
for betterments and extensions. It is

better to install economical working
machinery and to establish a business

organization. Then a reduction of

rates and other expenses will follow as

a natural order of events at the proper
time.

While a concentration of plant and
power is, as a rule, in the line of economy,
it is not a policy which can be unre-
servedly followed in detail. For that

reason some cities, located upon un-
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dulating ground, supplying water by
direct pressure from pumping engines,

have the details of the pipe distribution

system so constructed and the pumping
machinery so subdivided into units that

the supply of water reaches districts of

the city on high ground independently
of those on low ground. By that means
the otherwise uneconomical working of

a united distribution system and pump-
ing plant is avoided. In such a system
the pressure upon the entire system is

regulated by the pressure requirements
of the highest or most remote district.

Even an additional subdivision of the

power plant may sometimes be advisa-

ble when the population is considerably

scattered over an extended territory of

varied and rugged topography. Here
elevated districts, distant from the main
pumping station, may frequently be
most satisfactorily served by a high-

service pumping plant, located in the

district itself, taking water from the

main distribution, probably through a

small reservoir, and delivering it at an
increased pressure throughout the ele-

vated district. There may be several

distinct services of this kind. The
problem of satisfactorily and econom-
ically accomplishing such a subdivision

of service is one of more or less com-
plexity, confronting various cities.

In a few instances the aim is to render

both domestic and fire service from a

central pumping station. It can be ac-

complished by connecting each of the

high or remote districts by an indepen-

dent main with a pumping engine at

the central station, designed expressly

for service in its particular district. The
obvious objection to this method is the

heavy expense of laying independent
district mains and of installing graded
machinery, together with heavy inter-

est and maintenance charges.

Another method is to install indepen-

dent steam and pumping plants in each
of the high-service districts, each plant

to draw water from the district below in

level or adjacent to it. Here the labour,

fuel, and repair expenses would run
high, because of the necessity to main-
tain and operate several independent
pumping stations.
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Again, the high service stations once
established, the machinery may be
operated by power transmitted electric-

ally from an economically working gen-
erating plant, installed at the main
pumping station or at the power station

of some electric light and power com-
pany. Here the objection lies largely

in the losses of energy resulting from
the transmission and transformation of

the electric current into usable power,
and the expense attending the initial

introduction of electric pumping ma-
chinery.

The author does not attempt here to

compare the relative merits of the sev-

eral methods suggested for distributing

water by direct pressure over extended
areas at variable elevations. It is rather

a question for specific treatment. Be-

sides, the data are too few to admit of

generalisation. It is sufficient here to

state that the question of operating

high-service pumping machinery by
power transmitted electrically, both for

a constant and intermittent service, is

before us for consideration on its merits.

This is particularly true of an intermit-

tent service, as when, in certain dis-

tricts, the pressure needs increasing,

for fire-service, above that which the

machinery of the central pumping sta-

tion is capable of furnishing. Thus,
an electric pump, located in the hose-

house of the elevated district and con-

nected with an electric power plant at

some central power station, would, un-

der a fireman's supervision, be ready
for instant service. It would obviate

the necessity of carrying excessive and
dangerous pressures at the centralpump-
ing stations upon occasions of fire.

A series of such plants, distributed

judiciously as a part of the parapherna-
lia of the fire department throughout
remote or high-level districts, would
eliminate the necessity for fire engines,

and would reduce, proportionately, the
cost of maintaining the fire depart-

ment. There are no insurmountable
mechanical or engineering difficulties to

defeat the success of such a project.

The mechanical arrangement may be
such as to insure a reasonably constant
speed for the motor and pumps within

the limits of their capacity, even under
the condition of a fluctuating consump-
tion of water.

Suburban towns, located on elevated

ground, partaking of the water supply

of an adjoining city at a pressure suit-

able only for domestic service, may
avoid the expense of a fire engine equip-

ment by installing in one of the hose

houses of the fire department, properly

located, a set of power pumps connected

with a central electric power plant.

They could thus possess an adequate
fire service.

Small towns possessing both a water-

works and an electric light plant may,
in certain cases, and with profit to them-
selves, utilise the power of the electric

lighting plant to operate a power pump
for pumping the public water supply
instead of the inferior class of pumping
machinery so often installed.

With these preliminary remarks the

author would now attempt to illustrate

the waste of steam-power resulting from

the use of low-grade pumping machin-
ery, and to discuss the feasibility of

pumping by electrically transmitted

power, by submitting estimates of cost

of steam-power per unit of measure. To
facilitate the making of these estimates,

some data, bearing upon the question,

are offered. These, it is believed, fairly

represent certain results attending the

operation of pumping engines under the

prevailing conditions of practise :

Let 7?=Duty of pumping engine in

foot-pounds per iooo pounds of steam
consumed by engine.

//=Head or total lift of pump.
F=Volume ofwater pumped per unit

of time; for convenience, say, one hour.

W=Weight of unit of volume of

water, say, 8. 34 pounds per U.S. gallon.

,5=:Weight of steam consumed per
unit of time, say, one hour.

H. /'.^Purap horse-power. One
H. P. = 33,000 ft. lbs. of work per

minute, or 1,980,000 ft. lbs. per hour.

C=Coal consumed per one H. P. per
unit of time, say, one hour.

Thus,

D--
ffx Vy, Wx 1000
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H. P.=

D

HX P X W
1,980,000

1000 x 1,980,000

HP.
S

s
[,980,000

HP.
S

D
1980

HP. duty in million ft. lbs.

consumption per horse-power per hour.

From the last equation the following

table is computed :

—

million foot-pounds or more at a boiler

pressure not exceeding 140 pounds.
In the following comparative esti-

mates, sections 1 to 30, inclusive, of the

cost of a horse-power per year, it is

assumed that the pumping plant has the

capacity and power to deliver one
million gallons per 24 hours against a

head of 300 feet, equivalent to 53 horse-

power of work ; that the cost of fuel is

$2 per ton of 2000 pounds ; that the

boiler evaporation is 6 pounds of water
per pound of coal, and that the hours

Table.—Steam Consumption per H.-P. per Hour for Stated Duties in Million Foot-Pounds.
10 15 20 25 30 35 40 50 60 70 80 90 100 no 120 130 140 150

198 132 99 79.2 66 56.6 49.5 39.6 33 2S.3 24.7 22.0 19.8 18.0 16. s 15.2 14.1 13.5

Coal Consumption per Horse-Powerper Hour, at an Evaporation of 10 Pounds of Waterper

,
for Stated Duties in Million Foot-Pounds.'

10 h.p:
20 25 30 35 40 50 60

9.9 7.92 6.6 5-66 4-95 3-96 3-3

130

1.52

150

i-3S

To illustrate the use of the table,

suppose, upon test, that a pumping
engine was found to consume 22 pounds
of steam per pump horse-power per

hour, as measured by the weight of

water evaporated by the boiler during

the test, and that the boiler evaporated

6 pounds of water per pound of coal.

The duty, then, by the table would be

90 million foot-pounds per 1000 pounds
of steam and 54 million foot-pounds per

100 pounds of coal consumed under the

boiler, and the coal consumed per pump
horse-power per hour would be about

3.6 pounds.
Upon a basis of ten pounds of water

evaporated per pound of coal, the

ordinary high-pressure pumping engine

will give a duty of about 15 million

foot-pounds ; the non-condensing, com-
pound, duplex, a duty ofabout 35 million

foot-pounds; the ordinary condensing,

compound duplex, a duty of 70 million

foot-pounds, and the high-duty com-
pound, or triple-expansion, duplex, a

duty of about no to 125 million foot-

pounds at a boiler pressure varying

from 120 to 150 pounds. Engines of

large capacity, of the triple- expansion

marine type, will give a duty of 140

of work are 10 hours per day, plus 10

per cent, to cover the banking of fires,

equivalent to 4015 hours per year. The
estimates do not include labour, as that

item of cost is assumed, without material

error, it is believed, to be practically

the same for each case.

High-Pressure Duplex Pumping Engine.
Sec. 1.—Working duty at 6 lbs. evaporation, 9
million foot-pounds; coal consumed, 22 lbs.

per horse-power per hour, hence, cost of H.P.
per year is 4015 x 22 x $2

2000 $88.33
Sec. 2.—Waste and supplies 0.70

Sec. 3.—Cost of pumping engine per H. P. is

$21; engine consumes 132 pounds of steam
per H. P. per hour; hence, one pump H. P.
requires 3% boiler H. P., estimated, with
heater, connections and all appliances, at $24
per H. P.= $90. Interest at 6 per cent., depre-
ciation 4 per cent., repairs 4 per cent , insur-
ance and taxes 1 per cent., total 15 per cent,

on cost of engine and boiler plant ($111)

amounts to .. - 16.65

Cost per H. P. per year... $105.68

Compound Non-Condensing Duplex Pumping
Engine.

Sec. 4 —Working duty at 6 lbs. evaporation, 21

million foot-pounds ; coal consumed, 9.5
pounds per horse-power per hour; hence,
cost of H. P. is 4015 x 9.5 x $2

2000 equals.. $38.14
Sec. 5.— Oil and supplies . .80

Sec. 6.—Cost of pumping engine per H. P is

$26; engine consumes 57 pounds of steam per
H.P. per hour; hence, one pump horse-power
requires 1% boiler H. P., estimated at $24 per
pump H. P. =$42. Interest, depreciation, re-

pairs, insurance and taxes, as per Sec 3, 15

per cent, on cost of plant (26 + 42=$68)= 10.20

Cost of pump H. P. per year. $49-!4
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Ordinary Condensing Compound Pumping
Engines

Sec. 7.—Working duty at evaporation of 6 lbs.,

42 million foot-pounds; coal consumed, 4.%
pounds per H. P. per hour; hence, cost of a
H. P. per year is 4015 x 4.75 x $2 _

2000 .' $19.06
Sec. 8.—Oil and waste 100
Sec. g.—Cost of pumping engine per H . P. is

$50; engine consumes 28.3 pounds of steam
per H. P. per hour; hence, one pump H. P.=
0.8 boiler H. P., estimated at $24 per H. P. to
be $19.20. Interest, depreciation, repairs,
taxes and insurance at 15 per cent., as per
Sec. 3, on cost of plant (69.20)= 10.38

Cost of pump H. P. per year $30.44

Let us now estimate upon a plant

composed of a power pump of the same
power and capacity as those stated for

previous estimates, a motor, an electri-

cal generator, a steam engine and fur-

nishings. The pump operates occa-

sionally for fire service at its maximum
capacity; at other time it works but

about 60 per cent, of its full load, and
utilises in useful work only about 50
per cent, of the power in the steam
cylinder. It is considered that motor,

generator and engine carry about y±-

load on ordinary occasions, and that for

the occasional fire service they may,
with safety, be forced 25 to 30 per cent,

beyond their rated capacities.

Simple High Speed Engine.
Sec. 10.—Cost of engine, rated at 80 H. P., per
pump K. P., is $24; one pump H. P. is esti-

mated at 1% boiler H. P. at $24 per H. P. =
$36; motor of 60 H. P. at $17 per pump H. P.;

generator. 75 H. P. at $21 per pump H. P.; or
total for plant, $98 per pump H. P. Interest,

depreciation, repairs, taxes and insurance 15
percent., as per Sec. 3, on $98= $14.70

Sec. 11.—Power pump erected, $56 per pump
H. P. Interest, depreciation, repairs, etc., as
per Sec. 3, 15 percent, on $56 is 8.40

Sec. 12.—Coal consumption, 11 4 pounds per
pump H. P.; hence, 4015 x 11.4 x$2

2000
—

45.78
Sec. 13.—Oil and supplies for entire plant 2.00

Cost per pump H. P. per year ._ $70.88

Simple Corliss Engine.
Sec. 14.—Cost of engine, as described in Sec. 10,

$31; boilers at ratio of 1.4 to 1 at $24 per H.P.,
=$33.60; motor and generator, as per Sec. 10,

$38; total, $102.60. Interest, depreciation, re-

pairs, insurance and taxes, 15 per cent, on
total cost ($102.60)= -. $15.39

Sec. 15.—Power pump, as per Sec. 11 8.40

Sec. 16.—Coal consumption at 80 lbs. boiler
pressure, 10.6 pounds per pump H. P. per
hour; hence, 4015 x 10.6 x $2

2000
—

42.56

Sec. 17.—Oil and supplies, as per Sec. 13. 2.00

Cost of pump H. P. per year $68.35

Compound High Speed Engine.
Sec. 18.—Cost of engine, of power as per Sec.

10, $29.19; boilers at ratio of 1% to 1 at $24 per
H. P., $30.00; motor and generator, as per Sec.
10. $38; total, $97.19.1 Interest, depreciation,
repairs, insurance and taxes, 15 per cent, on
$97.19 - $14.58
Power pumping engine, as per Sec. 11 840

Sec. 19.—Coal consumption at 125 pounds boiler
pressure, 8.15 pounds per pump H. P. per
hour; hence, 4015 x 8.15 x $2_ $32.72

2000
Sec. 20.—Oil and supplies, as per Sec. 13 2 00

Cost per pump H. P. per year $57-7°

Condensing Compound High Speed Engine.

Sec. 21 .—Cost of engine, rated 80 H. P . perpump
H. P., $35; boiler at ratio of .9 to 1 at $24 per
H. P. =$21. 60; motor and generator, as per
Sec. 10, $38; total, $80.60. Interest, deprecia-
tion, repairs, insurance, taxes, 15 per cent, of
$80.60 = $12.09
Power pump, as per Sec. n 8.40
Oil and supplies _.. 2.25

Sec. 22.—Coal consumption, at 125 lbs. boiler
pressure, 6.3 pounds per pump H. P.; hence,

4015 * 6.3 x $2 _ 253o
2000

Cost per pump H. P. per year $48.04

Condensing Compound Corliss Engine.

Sec. 23.—Cost of engine, 80 H. P., per pump H.
H., $52,00; boilers at ratio 0.83 to 1 at $24.00=
$19.92; motor and generator, as per Sec. 10,

$38; total. $109.92. Interest, depreciation,
repairs, insurance and taxes, 15 per cent, of
$109.92 $16.50
Power pump, as per Sec. 11 8.40
Oil and supplies. 2.25

Sec. 24.—Coal consumption, at 125 lbs. boiler
pressure, 5.5 pounds per pump H. P. per hour;
hence, 4015 x 5.5 x $2_ 22

Cost per H. P per year.

Upon the basis assumed, no economy
will result, as might have been antici-

pated, in operating a small water-works
by electricity, the plant having been
erected exclusively for that purpose.

Even an inferior grade of pumping en-

gine would be found quite as economi-
cal for 10 hours work, as would the

use of power transmitted electrically

from a high-grade engine. Were it

practicable to avoid carrying surplus

capacity and power for the occasional

fire service, and were the plant operated
continuously at its most economical
capacity, as might be the case when
pumping into a reservoir, an efficiency

of 65 per cent, instead of 50 per cent,

might be realised.

In that event the proportions of the

plant as estimated upon would not be
changed, inasmuch as a 53 horse-power
pump and a 80 horse-power engine
represent about the proper relation of
capacity for an efficiency of 65 per
cent, at full load. But it is estimated

that a saving of 55 per cent, of fuel will

result for a given amount of water
pumped per year, because the plant, at

full load, need be operated but 2512
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hours per year, allowing 15 per cent.

for banking fires, and because of the
saving of fuel resulting from an opera-
tion of machinery at constant full load
instead of at fluctuating 3^ load. The
following table admits of a comparison
between the cost of a horse-power per
year at 50 and 65 per cent, efficiency,

including the saving resulting from re-

duced hours of work.

-Efficiency-

Description Engine
Simple high speed ... $70.88
Simple Corliss „„„ 68 35
Compound high speed 57-7o
Con. compound high speed. 48.04
Con. compound Corliss 49.15

50 per cent. 65 per cent.
Cost per H.P. Cost per H.P.
per Year. per Year.

However, when an electric light plant

is already installed for lighting purposes,
the engine and boiler at least may
in most cases be used during the day to

operate pumping machinery. There-
fore, in that event, the estimates of the
cost of a horse-power per year should
exclude the interest on engine and
boiler, but the pumping plant expense
account should be charged with one-
half the cost of repairs and depreciation.

Hence:—
Simple High Speed Engine.

, Efficiency ,

50 per cent. 65 per cent.
Sec. 26.—From the cost ofa H.P.
per year, Sections 10 to 13 (in-
clusive) and Sec. 25 $70.88 $45.72
Deduct 11 per cent, of en-
gine and boiler at S60 per
H.P... 6.60
Oil and supplies 1.00

7.60 7.60

Cost per pump H.P.per year. 63.28 38.12

Simple Corliss Engine.

Sec. 27.—From the cost ofa H.P.
per year, Sections 14 to 17 (in-
clusive) and Sec. 25 $68.35 $45.13
Deduct 11 percent of cost
of engine and boiler at
$64.60 per H.P 7.11
Oil and supplies 1.00

8.11 811

Cost of a pump H.P. peryear 60.24 37-02

Compound High Speed Engine.

Sec. 28 —From the cost ofa H.P.
per year, as per Sections 18 to
20 (inclusive) and Section 25.. $57.70 §39.80
Deduct 11 per cent, of
cost of engine and boiler
at $59.19 per H. P 6.51
Oil and supplies 1.00

Cost of pump H. P. per year 50.19

Condensing Compound High Speed Engine.

Sec. 29.—From cost of H. P. per
year, as per Sections 21, 22 and
25 $48.04 $33-78
Deduct 11 per cent, of
cost of engine and boiler
at $56.60 per H.P 6.13
Oil and waste ._ 1.00

7-13 7-13

Cost ofpump H.P. per year. 40.91 26.65

Condensing Compound Corliss Engine.

Sec. 30.—From cost of H. P. per
year, as per Sections 23, 24
and 25 49-15 37-2o
Deduct 11 per cent, ofcost
of engine and boiler at

$71.92 per H.P__ 7.91
Oil and supplies i.oo

8.91 8.91

Cost ofpump H. P. per year. 40.24 28.29

Other conditions than those embraced
in the deductions of cost per horse-

power at 50 and 65 per cent, efficiencies

plus saving due to reduced hours of

work may give a cost of a horse-power
per year between those given in sec-

tions 26 to 30 inclusive. Under favour-

able conditions, a town possessing an
electric light plant, equipped with an
economical working engine may realise

a saving by pumping water with electric

power instead of with an inferior grade
of steam pumping engine.

A manufactory having to pump water
at several isolated points and having in-

stalled, as is usually the case, a large

and economically working electric plant,

can supply power electrically from this

plant for pumping purposes at a cost

per horse-power per year less than the

work can be done by independent steam
pumping plants erected at each of the

several points.

Let us, for illustration, consider an
establishment using 3 million gallons of

water per day. The supply is elevated

100 feet by three independent pumping
plants, each of one million gallons

capacity. Assume the engines to be
compound condensing, affording a

working duty of 42 million-foot-pounds.

Then:

—

Sec. 31.—Cost of pumping engines, 3 plants, 53
combined H. P.. .$5,100
Boilers, 3 plants.. 1,900

$7,000

Cost per H.P. = Z^°=$ l32 approx.
53

Sec. 32.—Interest, etc., as per Sec. 3, at 15 per
cent, on the cost of 3 pumping plants at $132
perH. P 19.80
Oil and supplies 3.00
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Sec. 33.—Coal consumed at 4% lbs. per H. P. for

4015 = 9.53 tons at $2= ...$19.06
Sec. 34.—Attendance on plant at $40 per month

for each of three men per pump H.P _. 27.17

Cost per pump H. P. per year.. ...$69.03

In comparing this cost of a horse-

power for pumping with the cost of a

horse-power resulting from the use of

power transmitted electrically, the

pumping expense account should be
charged with but a fraction of the an-

nual cost of interest, depreciation, re-

pairs, etc., upon the engine and boiler

plants. On the other hand, it should
be credited with the value of the fuel

saved by reason of an increased engine
"load factor"—that is to say an in-

crease in the ratio of the average load

to the maximum load during a day's

work. I have here assumed these items

of cost and saving to offset each other.

Moreover, various other economies may
be practised which will, in all probabil-

ity, enable the power pump to utilise

60 per cent, of the power furnished by
the engine. Hence:-

Sec. 35.—From the cost of a horse-power as esti-
mated, Sees. 14 to 17... $68.35

Deduct 15 per cent, of cost of engine and
boiler 9.69

Deduct waste and supplies 1.00
Deduct for coal if an efficiency of 60 per

cent, be allowed and engine works at
% load. 7.00

17-69

50.66
Add for the cost of attendance y^ the cost of
Section 33. ..1 9.05

Cost per pump H. P. per year $59 71
Sec. 36.—For the other types of engines, as per

Sections 28, 2g, 30, the cost of a H. P. per year would
beat 50 per cent, efficiency, respectively, $56.87, $47.60;
and $46.41; at 60 per cent, efficiency, $51.41, $43.38
and $42.91, allowing in each instance $9.05 per H. P.
for labour.

The extent to which the interest on
the cost of buildings enclosing the sev-

eral plants estimated upon, and on the
cost of wiring between generator and
motor, may modify the results, cannot
be determined with sufficient accuracy
to be of value in connection with the
preceding estimates; but, certainly,

there is no probability that any modifi-
cation which it may be found necessary
to make will result in a favourable show-
ing for low-grade steam pumping en-
gines. In fact, for small water-works
and factory purposes either the duty of
the pumping engines, as usually install-

ed, must be increased by superior work-
manship and design, or eventually they
will be supplanted by power pumps
operated by power transmitted from
some economically working engine,

particularly if for certain periods of the

day surplus power can be utilised.

Passing now to high-duty pumping
engines of large capacity of from 250 to

500 horse power, we find that a modern,
vertical, triple-expansion engine will

give a working duty, at 6 pounds evap-

oration, of about 80 million foot-pounds,

and that the compound engine of the

same type will give a working duty of

about 80 per cent, of the above, or 64
million foot-pounds. For the usual

service the former can be erected for

$125 per pump horse-power, and the

latter for $104 per pump horse-power,

including boilers, foundations and fur-

nishings.

Either of these engines, working 4015
hours per year, or upon the basis ot

former estimates, except that the price

of coal is taken at $2. 25 per ton of 2000
pounds, the additional 25 cents being
intended to cover cost of delivery at

either a high or low-service pumping
station, will give a cost of about $31.50
per horse-power per year, exclusive ot

attendance, and $54 per year including

attendance.

A compound or triple-expansion Cor-

liss engine of from 250 to 500 horse-

power, including power pump, boiler,

generator and motor, but excluding pole

line and attachments will cost scarcely

less than from $150 to $155 per pump
horse-power. Assuming an efficiency of

65 percent., the plant will furnish apump
horse-power per year for $42, exclusive

of attendance and interest, depreciation,

repairs, etc., upon the cost of the pole

line. It is not probable that the at-

tendance necessary to operate the

power plant for either a high or low-

service pumping station will be less

than two-thirds that estimated in pre-

vious paragraphs ($22.50). Therefore,

adding to $42 two- thirds of $22. 50 there

results $57 as the cost of a horse-power
delivered at the pump by a high-grade

engine exclusive of interest, etc., on the

cost of pole line and attachments.
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Assuming the plants to be operated
continuously, but the data otherwise

remaining unaltered, the cost of a pump
horse-power per year for a triple-ex-

pansion engine, including attendance,

would be $97; for compound engine

$99.60; and for the electrical transmis-

sion plant $96, 80, exclusive of interest

and maintenance charges upon the cost

of the pole line and upon the extra cost

of reserve machinery.
In a plant of the capacity of the one

just estimated upon it is not probable
that any central station will contain the

surplus electric power necessary to

operate a large power pumping plant.

Butwhenever a new installation of boilers

and engines becomes necessary in order

to operate the power pumps, there is

little probability that a power plant can
be operated as economically as a high-

grade pumping engine, even though
the location of the power plant admits
of a lower cost of fuel and attendance.

In determining the most economical
arrangement of power for pumping
purposes, and the grade of engine, it

will be found that existing conditions

may materially modify the unit cost of

power as estimated. For instance, if

the plant, Sections 21 and 22, operate

every hour of the year, namely 8760,
instead of 4015, as estimated, then the

cost of a horse-power per year would
be $79.68, while the cost per horse-

power per year, Sections 23 and 24,

upon the same basis, would be $77.08,
the condensing compound Corliss en-

gine, because of the more continuous
service, becoming cheaper than the

condensing compound high speed en-

gine. It follows, therefore, that the

continuity of service becomes a factor

in determining the character of power
it may be advisable to install; the more
constant the service the greater the

necessity for high-grade engines.

Other conditions, as the cost of fuel,

labour, freight, etc., must also become
factors in a final solution of the power
problem. However, we may safely

conclude that low-grade pumping en-

gines will eventually be supplanted by
those of a more economical type or by
a power pump operated electrically

from a plant established for work of

another character under conditions

favourable to such a combination. Many
small towns and factories can, undoubt-
edly, be benefited by such a change.

High-grade pumping engines, hand-

ling a large volume of water, will scarce-

ly be brought into competition with

power pumps operated by electricity

derived through the efforts of genera-

tors and steam engine. For the pump-
ing of small quantities of water at high-

service stations, or for an intermittent

service, or for fire service in a high

level or remote district, however, there

is, doubtless, a future for the application

of electricity.

WILLIAM SELLERS.

THE name of Sellers has become
almost a by-word for excellence

among engineers and machinery
users not in the United States alone, but
wherever machine tools are employed,
for at the Vienna Exhibition in 1873,
the recommendation for the award of

the Grand Diploma of Honour to Wm.
Sellers & Co., was "for pre-eminent
achievements in the invention and con-

struction of machine tools, many of

which have been adopted as models by
the constructors of tools in all coun-
tries.

'

'

The ancestors of William Sellers have
had a long and memorable connection

with science. From the organisation

of the American Philosophical Society,

some one of his family has always been
a member of it, and William Sellers is

now a member. His paternal great

grandfather, John Sellers, then a mem-
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ber of the Assembly of Pennsylvania,

was appointed by this society, in con-

nection with three other members, to

observe the transit of Venus in 1769,
and his maternal great grandfather,

William Poole, came from England to

observe the same transit and remained
here.

Mr. Sellers was educated at a private

school maintained by his relatives for

the education of their children, acquired

the machinist's trade with his uncle, and
at the age of twenty-one took charge
of the large machine shops of Bancroft,

Nightingale & Co., manufacturers of

steam engines and mill gearing at

Providence, R. I. In 1848, in connec-
tion with the Mr. Bancroft of that firm,

he commenced the manufacture of ma-
chinists' tools and mill gearing, under
the firm name of Bancroft & Sellers.

In 1853, his brother, John Sellers, Jr.,

became a member of this firm, and in

1855, when Mr. Bancroft died, the firm

became William Sellers & Co. In 1886,

the corporation of William Sellers &
Co., Incorporated, was established, with
William Sellers as president and en-

gineer.

Prior to 1857 bolts and nuts could
not be made commercially interchange-

able. In that year a bolt machine, the

first of its kind, was devised by Wm.
Sellers, and constructed by his firm, in

which dies, to cut the thread at one
pass, and adjustable to size, could be
opened and closed while running con-
tinuously in one direction, and there-

after ordinary screw bolts and nuts were
made interchangeable.

Prior to 1867 the teeth of wheels
were cut for special purposes alone.

The only power used was that required
to rotate the cutter, the movement
against the cutter, and its reverse, and
the division for the next tooth were all

.
performed by the workman. The cost

of such work was so great that the
teeth of nearly all wheels, even for fine

machines, were cast. In that year the
first automatic gear cutting machine was
devised by Wm. Sellers, constructed
by his firm and exhibited at Paris in the
same year, in which the work of the
operative was limited to adjusting the

wheel for the first cut. The machine
then proceeded to cut a tooth, retract

the cutter, turn the wheel for the next

tooth, and so on until the wheel was
cut in less time than it could be done
before, and as one man could easily at-

tend several machines, the cost of this

work was so greatly reduced that cast

teeth were no longer admissible in good
machines.

In 1864, Mr. Sellers was elected pres-

ident ofthe Franklin Institute ofPhiladel-

phia, and in the same year his paper giv-

ing the first formula ever offered for screw

threads and nuts, was read before that

institute, and the formula then offered

has since become the standard for the

United States. In 1873, Mr. Sellers

became president of the Midvale Steel

Co., at Nicetown, which he subse-

quently reorganised, and under his

management it became the first success-

ful producer of the material required by
the United States Government for its

ordnance and small arms.

Prior to this date, in 1868, he had
established the Edge Moor Iron Com-
pany, for the manufacture of iron and
steel structures, and has ever since been
its president. This company made all

the iron work for the Centennial Ex-
hibition at Philadelphia in 1876, and the

steel and iron structural work for the

great Brooklyn Bridge at New York.
It has now one of the largest plants

in the United States, or in the world,

for building iron bridges and other

structures of iron and steel.

Mr. Sellers was for several years a

director of the Philadelphia & Read-
ing Railroad, and since 1866 has held

a similar office in the Philadelphia,

Wilmington & Baltimore Railroad Com-
pany. In 1868 he was elected a trus-

tee of the University of Pennsylvania,

—a position which he still holds. He
is a member of the Union Club of Phila-

delphia, of which the Union League is

an outgrowth. Of the latter he is one
of the corporators, and was for several

years a vice-president.

Indefatigable in his exertions to cre-

ate the Centennial Exhibition, he" bore

no small share in carrying the project

in the direction of assured success, and
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was elected vice-president of the Cen-
tennial Board of Finance at its organi-

sation, but declined on account of the

pressure of business. In 1873 he was
elected a member of the National Aca-
demy of Sciences, at Washington, and
in 1875 a corresponding member of the

Societe d' Encouragement pour 1' Indus-

trie National, at Paris, and in 1889 the

honour was conferred of Chevalier de
la Legion d'Honneur.
At the Exposition Universelle, at

Paris, in 1867, Mr. Sellers' firm received

a gold medal, and at the Centennial

Exhibition of 1876, in Philadelphia, the

judges reported that "this collection

of machine tools was without a parallel

in the history of exhibitions, either for

extent, or money value, or for original-

ity and mechanical perfection." At the

Vienna Exposition in 1873, the Grand
Diploma of Honour and five bronze
medals were conferred upon the firm.

At the Paris Exposition of 1889, the

highest award, the Grand Prix, was
given to William Sellers & Co., Incor-

porated, together with several medals,

and at the close of the exposition, the

names of three collaborateurs were re-

quested, to whom, as individuals, di-

plomas were sent, and to William Sel-

lers in addition, as already stated, the

honour was conferred of Chevalier de
la Legion d'Honneur.

(tiuxxzut Qopits.

There are two points in connection

with the early history of the steam en-

gine which, so Sir Benjamin Baker re-

marked in his presidential address to

the British Institution of Civil Engineers
a short time ago, always appeared to

him absolutely astounding and incom-
prehensible ; first, that any mechanic
of the period, accustomed all his life to

work his lathe by treadle, connecting-

rod and crank, should imagine that the

application of the crank to a single-

acting steam engine was an '
' inven-

tion," and actually secure a patent for

the same ; and secondly, that a man of

Watt's ability and experience should
endeavour to circumvent that patent

by himself patenting that fearful
'

' back
lashing'" nightmare, the so called

"Sun and Planet" motion. It is not

less remarkable that Smeaton about the

same time, when reporting on a paper
submitted to the Royal Society, of

which he was a Member of Council,

condemned the crank and fly-wheel

because of the imagined difficulty aris-
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ing from the stopping of the heavy recip-

rocating mass at each end of the stroke,

and expressed the opinion that the use
of the fly-wheel would be a greater

encumbrance to a mill than a water-

wheel, to be supplied with water pumped
up by an engine. There is nothing,

therefore, in the history of the develop-

ment of the steam engine, or in the

brilliant career of Watt, to lend support
to the theory that the progress of man-
kind is dependent upon the periodic

appearance on the stage of some actor

of inspired genius; but, on the contrary,

many illustrations are afforded of the

fact that men of the highest ability and
experience are as apt to be wrong in

their forecast of events, and in their

estimates of the relative importance of

their own or other person's investiga-

tions or inventions, as are those of

humbler powers.

In the course of the address just

alluded to, Sir Benjamin Baker touched
also upon that ever- interesting topic,

—

the interconvertibility of work and heat.

Although prehistoric man, he remarked,
demonstrated ages ago, by the fric-

tional ignition of dry wood, that work
can be converted into heat, the reverse

operation, the conversion of heat into

mechanical power, was not thoroughly
appreciated even half a century ago.

It is the latter conversion, however,
which chiefly interests the engineer

;

for although hot bearings and other
unpleasant experiences constantly re-

mind him of the possibility of convert-

ing mechanical energy into heat, he
regards it rather as a nuisance than a

blessing. And yet, if we look deeper
into the question, we find that after all

it is the conversion of energy into heat

which accounts for the present existence

of the earth itself, and all upon it. It

is to the energy liberated by the con-
traction of the sun's diameter that the

world is indebted for heat, since physi-
cists have demonstrated that if the sun
had been a solid lump of coal it would
have burnt out millions of years ago,
and Langley has calculated that all the

coal in the Pennsylvania coal fields,

though it would last the United States

iooo years, would supply the sun with

heat for only one-thousandth of a

second. Every square foot of the sun's

surface represents some 8000 H. P.,

and the whole surface, no less than

500,000 millions of millions of millions

of horse-power. Indirectly, the engi-

neer utilises a minute friction of the

sun's energy, as the rainfall works his

water-wheels and turbines, and atmos-
pheric currents his windmills, and wood
is used as fuel for his steam engines.

Long before the coal fields of the

world are exhausted, there is little

doubt the workers on the borderland of

engineering will have discovered some
plan of tapping the inconceivably great

stores of energy around us. The very
earth we live on is whirling around like

a huge fly-wheel, and if we could only

find some way of utilising its momen-
tum we could draw upon it for ages for

all the power we want without appre-

ciably affecting the speed of its revo-

lution or the length of our day. It is,

indeed, naturally drawn upon now in

various things intimately associated

with the work of the harbour and dock
engineer. The flow of the tide in enor-

mous volume, up and down a river, is

accompanied by a vast expenditure ol

power in overcoming the factional re-

sistance of the river bed, in the grind-

ing of shingle into sand, and in the

transport of sandbanks from one part

of the river to another. Even the flow

of the water through the sluices of locks

involves a loss of energy, as does the

working of a tide mill, which latter is

one way of utilising, as the others are

of destroying, some of the earth's mo-
mentum. No true engineer will believe

that with so many sources of energy
around us the progress of mankind and
the work of the engineer will cease with

the exhaustion of the coal fields.

It is a matter of wonder for an old

time steam engineer to go over a mod-
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ern generating engine at this day and
observe its many accessories. Taking
one of the most advanced, he will find

lubricating devices for all joints with

motion, the oil all collected by drains

to one point, filtered and cleaned,

and then returned by a pump to the

oil cups to be again circulated au-

tomatically. The fixed bearings of high
speed engines will be water jacketed to

prevent heating, and there will be a

world of indicating devices for speed,

pressure, vacuum, temperature and
time. The condensing water will pass

through filters to extract the oil that is

entrained from the cylinders, and sep-

arators are provided to catch the water
in the steam. Most of these things

have come from the sea where economy
and completeness have outrun land

practice in a wonderful degree. In the

steam generating elements there are the

same additions and elaboration, all

tending to economy, but demanding a

new class of engineers with a knowledge
and training that older practice did not

afford,— more knowledge and less work,
because all things are automatic, even
to firing. Results, too, are of a nature

not imaginable twenty years ago, espe-

cially in respect to control of speed.

One may stand along side of a 1000-

H. P. engine when the resistance

changes as one to ten, and neither hear
nor see, nor even feel a sign of such a

change. It is a master achievement in

mechanic art and a result of co-opera-

tive effort on the part of hundreds, or

even thousands, of the most skilled men
of the age.

The apprehension of cheap manu-
factures in Japan and the sale of such
manufactures in European and Ameri-
can markets is now a theme of much
discussion, and is also a waste of effort.

The Japanese themselves will consume
the most of their manufactures and the

surplus will naturally be sold for as much
as possible; besides, as soon as the cir-

cumstances permit cheap production
there, the English people and others will

take good care to control the invest-

ments in skilled manufactures as is now

done in India. Captain Noble of the
Elswick Works has been in Japan,
looking after ship-building, and so,

too, have representatives of other com-
panies in England and America, but
the chances are that the Elswick Com-
pany will do as they did in Italy, if

necessary,—put down great works,
to be owned, in part, or mainly, by the

Japanese Government, and operate such
works on joint account.

A large part of the shares in the

steel works at Terni, in Italy, are held
in England, where the main profits go.

This should be the policy of builders

generally of ships and ordnance if they
want to secure an interest in these

manufactures in Japan. The Armstrong
Company, having built a large share ol

the present Japanese Navy, will perhaps
stand in favourable position to erect

works there, but the Japanese Govern-
ment is quite competent to judge of
advantages offered by other firms. At
any rate, no one need be alarmed re-

specting cheap production in Japan.
The wants and wages of the people
there will follow in a rapid way. Wages
have, it is said, been doubled in some
cases within a year and a half.

There is ample evidence to prove
that the rational heating of buildings

was a well-understood art several thou-

sand years ago. In the palmy days of

Pompeii's early existence, before its

burial under volcanic ashes, the old

Roman baths in that town were heated

by steam, and in a better and far more
scientific manner than is followed at the

present time. The walls of the build-

ings were double, and the steam, at

atmospheric pressure, no doubt, was
carried up through these walls, all

around the rooms to be warmed, bring-

ing them to a temperature approximat-

ing that of the steam, and the occupants

ofthe rooms were thus exposed to a radi-

ation of warmth from all directions. In

this we have the true theory of heating.
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Following, in a measure, this early sys-

tem, some one in Germany, according
to recent account, proposes to build a

house of which the frame-work is to be
made up of water tubing through which
warm water is to be circulated in

winter, and cold water in summer,
warming or cooling the enclosed spaces

as may be prompted by requirements.

All the floors and ceilings and walls

are to be crossed and recrossed by
water pipes, affording heating and cool-

ing surface exactly where theory tells

us it should be to give the most desira-

ble results. The building of that house
would certainly afford an excellent mod-
ern, practical demonstration of the value

of those ideal principles.

Apropos of boiler furnace flues, cor-

rugated or otherwise designed to secure

stiffness and resistance to collapse, it is

worth recalling that it has been the
practice on the western rivers in the

United States for many years to make
the large tubes of the two-flue river

steamer boilers, carrying from 175 to

180 pounds pressure, of numerous
short sheets, thus securing a great
many riveted joints. The double thick-

ness of plates at a large number of

points gave what was considered a very
serviceable means of guarding against

the flattening-out of the flues, and the
experience of many years demonstrated
the soundness of this view. Engineers
from other parts who go west and see

a western American river steamer,
generally agree that they do not know
how to build steamboats there ; but the
fact is that the boats and the boilers in

use there, have grown up as the things
best adapted to the country and the
circumstances. It may have been that
in the earlier days it was difficult to

make large sheets and get sound sheets,

and, yet, there is strongly presumptive
evidence that the point was to get
short sheets and plenty ofjoints for the
purpose stated.

An item is now making the rounds
which ought to afford factory owners

who are wrestling with the smoke prob-

lem something to think about. The
stack of a German sugar factory, so it

is stated, was provided with a soot

catcher, and six days afterwards the

accumulation was removed and found
to figure up about 6700 pounds, which,

at a low estimate, ought to amount to

about 175 tons in a year. While the

correctness of the figures cannot be
vouched for and a liberal discount may
be in order, it is safe to presume that

the result of the experiment was in-

structive. Soot catchers are not very
commonly used appurtenances to steam
plants, and probably have little value

except as means of complying with

local smoke ordinances. But the ob-

ject lessons which they could teach

might lead to very acceptable fuel

economies.

The classification of use for steam
engines naturally divides itself on the

duties to be performed, and natural

selection goes on apparently without in-

ductive reasoning on the part of engin-

eers or purchasers. For example,

driving the screws of a vessel, of cen-

trifugal pumps and of dynamos are

three cases of wide application almost

identical in requirements, that is, a

nearly invariable resistance, or load,

over long periods, the power being de-

livered generally by horizontal shafts.

One type of steam engines should there-

fore suit all these purposes and do.

The result is that we see a gradual

trend that way, with the propeller en-

gines leading, and this for good reasons.

Such engines are most observed and
studied from commercial incentives

and by the best steam engineers,

and also have the aid of govern-

ment interests, in the case of war ves-

sels. This law of "selection" will

work itself out in any case, but the re-

sult is not flattering to human skill

which more often explains than origi-

nates. Custom is the main impedi-

ment. It does not tax the logic of a

competent engineer to determine
whether inverted steeple framed en-

gines are best adapted to particular
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duties, like those named, but a pur-

chaser and also a maker who have
always seen well regulated steam en-

gines lie naturally on their sides, can

not at once become reconciled to seeing

them "stand on their heads."

There is an old saying that '

' the

ground is so dry that the rain all soaks

in." This, like many other statements

of the kind, is accepted on faith when
not a fact at all, but quite the reverse.

Rain penetrates quicker into earth that

is moist, open and expanded, and is

repelled and runs off when the earth is

dry and covered with dust. Any one
who has ditches to look after knows
this, and that the first dash of rain

after a long dry spell has but little

penetration. It is true that a very open
sandy soil of a pervious and loose nature

will absorb rapidly when dry, but such

soil is exceptional. In training water

for irrigation, the dry dust on top will

form a crust that closes the pores, so to

speak, and penetration is slow, but a

second flow after the first, when the

earth is yet moist, penetrates at once.

The repellant quality of fine dust is a

fact of daily proof ; flour in sacks, sunk
into water, remains dry, except a coat-

ing on the outside. Similarly a dash
of rain on a dusty road nearly all runs

off at first.

The moto-cycle, power wagon and
others, that have produced the much-
used term "horseless carriage" are lend-

ing new vigour to power-impelled haul-

ing apparatus on the Pacific coast in

the United States, where traction en-

gines have, for several years past, had
a permanent place, even in the moun-
tains. Now it is being discovered that

the true habitat of the power wagon is

on the arid plains of America, and that

petroleum gas is the best fuel for this

work. Fuel, water and horse feed are

all bulky and heavy compared to oil,

and there is great probability of an early

use of gas engine freight wagons in the

arid California valleys. Thus far all

schemes have included more or less

tooth wheel gearing and pitch chains,

neither of which are desirable elements
in a power-driven wagon. The pitch

of the chains increases as the joints are
ground by the sand, and tooth wheels
break, because alignment is impossible

without rigidity, and rigidity is neither

desirable nor attainable. The problem
will be worked out, however, in the

near future, but not on the lines indica-

ted by modern traction engines. The
valleys of California are wide. A rail-

way can be made through the middle,

but this is of little use without feeding

laterals from five to twenty miles long,

reaching back to the foot hills and up
into canons. Hauling by horses and
mules has been beaten over and over
again by steam wagons and these will

be excelled by petroleum engines when
the subject gains some of the attention

now directed to pleasure carriages.

Adaptation is the point in all these

things and that is now going on at a

rapid pace.

Discussing, recently, the effect of

fire on machinery, before the American
Society of Mechanical Engineers, Pro-

fessor W. F. M. Goss detailed his

experience with a considerable quan-
tity of it,—some quite heavy. The
building containing the machinery was
of brick, with a heavy mill floor, and a

ceiled wooden roof with monitor. The
heat developed was probably of aver-

age intensity for such a building, the

fire burning until all of the woodwork
had been consumed. But little water

was used, and the machinery did not

suffer from this. Damage appeared to

have arisen from three causes, namely,
the falling of the machinery, the falling

of the roof timbers and walls upon
the machinery, and the action of the

heat itself. Machines which were on
good foundations did not suffer from the

first-named cause, but when there was
no foundation, even heavy tools were
either broken by the fall or distorted

by the combined action of the heat and
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of strains resulting from imperfect sup-

port after the fall. The results justify

the conclusion that in case of fire an in-

destructible foundation is an excellent

life preserver for a machine. Falling

debris carried away all lighter attach-

ments, such as lubricators, gauges,
small piping, light shafts, rods, levers,

hand wheels, projecting brackets

—

everything, in fact, which offered an
abutting surface to the falling masses
and which was not strong enough to

withstand their impact. There were a

few cases where heavier parts also suf-

fered from this cause. Of two six-inch

shafts, extending seven feet between
bearings, one, carrying an eight-foot

fly-wheel, was perfectly straight ; the

other, having no wheel, was sprung,

evidently as the result of a blow.

To heat alone is, of course, to be
attributed the destruction of woodwork
about the machines, and the loss of

babbitt from brasses and boxes. From
this cause, also, bolts which served to

connect different parts of heavy frames

were often found loose. Steam-joints

of every kind required refitting. Brass
bushings which originally had been
forced into turned holes to form bear-

ings for shafts or pins were all loose in

the castings and tight on the shafts.

Castings having very large flat sur-

faces, either plain or ribbed, were in

several cases found to contain fire

cracks, but with a few exceptions heavy
castings of good design were not in-

jured by the heat alone.

The results of some low temperature
tests of iron and steel, made at the

German Imperial Navy Yard, at Wil-
helmshaven, have been made public by
Professor M. Rudeloff, and add several

things worth knowing to the present

stock of information on the physical

properties of metals. The materials

tested included rivet iron, rolled and
hammered iron, ship steel, both basic

and Bessemer, spring steel, and cruci-

ble steel. It was decided to test each
material in tension, bending, and com-
pression, and at three different temper-

atures, these being 64 degrees Fahr.,

—4 degrees Fahr., and— 100 degrees

Fahr., the latter being obtained by the

use of liquidcarbonic acid. The results

showed that, so far as the tensile tests

were concerned, a reduction of temper-
ature raised the yield point and ultimate

strength, but there was, in general, a

reduction in the elongation. The com-
pression tests also showed that the

metal became harder, whilst, as regards

the bending tests, cooling to a tempera-
ture of—4 degrees Fahr. seemed to have
little effect on the results, and all the

specimens, save those of spring steel

and hammered iron, stood bending
double at this temperature. At the

low temperature of— 100 degrees Fahr.,

however, all the metals, save the rivet

and rolled iron, were considerably

affected, and would not stand bending
through so large an angle as at or-

dinary temperatures.

With all that has been said about
paints for ironwork, it may not be
amiss to refer briefly to some data on
the subject recently presented by Pro-

fessor J. Spennrath in the Deutsche
Bauzeitung. Professor Spennrath con-

cludes, from investigations conducted
by him, that none of the metallic oxides

commonly used combine chemically

with linseed oil. The drying process

depends exclusively on an absorption

of oxygen by the oil, which is facilitated

by the presence of the pigment in a

purely mechanical way. The value of

the different pigments used varies.

Thus, zinc white, when used for out-

side work, rapidly swells to double its

previous volume, owing to the absorp-

tion of carbonic acid gas and water.

Sulphuretted hydrogen will cause red

or white lead to act in a similar way,

but, when pure, Professor Spennrath
considers these two latter pigments
satisfactory. Carbon paints are very
stable, as is heavy spar, but the cover-

ing power of the latter is small. In

order to test the relative durability of

various paints, sheets of zinc were
coated with a number of different
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kinds. The zinc was then dissolved

away by acid, leaving a film of paint.

All these films, it was found, could be
destroyed by the action of dilute nitric

or hydrochloric acids, while the vapours
of sulphuric and acetic acids acted simi-

larly. Alkaline fluids and gases also

destroyed the paints rapidly. Pure
water was found to be more injurious

than salt water, and hence the destruc-

tive action of sea water is attributable

mainly to the mechanical effects of

wash. Hot water was found to act

more rapidly than cold. The most
important discovery made was, how-
ever, the great influence of tempera-
ture. Films, similar to those already

described, completely lost their elas-

ticity and became brittle when exposed
to a temperature of 203 degrees Fahr.

There was, at the same time, a large

contraction. Similar effects are pro-

duced by prolonged exposure to con-

siderably lower temperatures. Blister-

ing Professor Spennrath considered due
to the inner coat of paint being so

thick that it cannot harden thoroughly
before the second coat is applied.

Speaking of prime movers before

the Association for the Advancement
of Science at London, several years

ago, Sir Frederick Bramwell drew an
interesting picture of the puny thing

that muscular power, whether animal
or human, really was when compared
with the vast efforts exerted nowadays
by machinery. Contrasting a galley,

for example,—a vessel propelled by
oars,—with a modern Atlantic liner,

and assuming that prime movers were
non-existent and that this vessel was to

be propelled after galley fashion, he
proceeded thus :—Take the length of

the vessel as 600 feet, and assume that

place could be found for as many as

400 oars on each side, each oar worked
by three men. or 2400 men, and allow

that six men under these conditions

could develop work equal to 1 horse-

power ; we should then have 400
horse-power. Double the number of
men, and we should have 800 horse-

power, with 4800 men at work, and at

least the same number in reserve, if the

journey is to be carried on continuously.

Contrast the meagre result thus obtained
with the 19,500 horse-power given
forth by a large prime mover of the

present day, such a power requiring,

on the above mode of calculation,

117,000 men at work and 117,000 in

reserve, and these to be carried in a

vessel less than 600 feet in length.

Even if it were possible to carry this

number of men in such a vessel, by no
conceivable means could their power
be utilised so as to impart to it a speed
of 20 knots an hour.

This illustrates how a prime mover
may not only be a mere substitute for

muscular work, but may afford the

means of attaining an end that could

not by any possibility be attained by
muscular exertion, no matter what
money was expended or what galley-

slave suffering was inflicted. Take
again the case of a railway locomotive,

in which we have from 400 to 600
horse-power, developed in an implement
which, even including its tender, does

not occupy an area of more than 50
square yards, and that can draw us at

60 miles an hour. Here again the

prime mover succeeds in doing that

which no expenditure of money or of life

could enable us to obtain from muscu-
lar effort.

According to Sir Benjamin Baker,

the charges of powder in guns have,

since the time of the Crimean war, in-

creased from 16 lbs. to 900 lbs., the

weights of projectiles from 68 lbs. to

1800 lbs. and the energies developed

from 1 100 foot tons to 62,000 foot tons.

Further changes are rapidly following

the introduction of the more powerful

smokeless powders. The name which
in England will ever be honourably as-

sociated with improvements in ord-

nance is that of Lord Armstrong.
When in 1882 he described the then

condition of the armaments of the coun-
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try, he wisely deprecated any idea of

finality, and pointed out that the cease-

less labours of engineers must ever lead

to progressive changes both in guns
and armour. Events have amply justi-

fied his warning. Since 1882 the British

Navy has been entirely re-armed. The
Armstrong muzzle-loading wrought-
iron coil gun has been superseded by
the breech-loading steel gun of vastly

increased power; and whilst in 1882
Lord Armstrong maintained that there

was not '

' any material difference in

regard to rapidity of fire between
breech loading and muzzle - loading

guns, nor would a superiority in this

respect on either side be of much
value," he himself has since inaugu-

rated the system of quick-firing guns
as an indispensable adjunct of every
war ship, although in complexity of

breech mechanism—which was what
Lord Armstrong dreaded in 1882—they

,

compare with the old muzzle loader in

much the same way as would a watch
with an hour glass. The escape of

powder gas at the breech was one of

the difficulties at first encountered, and
what engineer would have been bold
enough to predict that gas at a press-

ure of over twenty tons per square

inch, and at a temperature above that

of molten steel, would be effectually

sealed by a canvas-covered pad of as-

bestos fibre, soaked in tallow ? And yet
that expedient has proved to be a com-
plete solution of the difficulty.

Anent the various ways in which
coal may be, and is, allowed to go to

waste in all coal mining regions, it is

worth noting that, according to an esti-

mate of the late Eckley B. Coxe, the

amount of coal lost in preparation and
sent to the culm banks in the anthracite

districts of Pennsylvania, since mining
began, has been 35 per cent, of the

total production, or, up to the close of

1892, a total of 315,700,000 tons. At
certain collieries, from the year 1820 to

1883, 20 per cent, more coal had gone
to the dirt banks than had been mar-
keted, and from 50 to 75 per cent, of

total shipments to dirt banks was not
unusual. In view of these facts, the

statement that, on the average, during
the last fifty years not more than 30
per cent, of the coal mined has reached

the place of consumption is not at all

surprising.
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SOME UNUSUAL FORMS OF LOCOMOTIVES.

By George L. Cark.

THERE should be nothing very re-

markable in the fact that since

the earliest days of steam pro-

pulsion on rails, locomotives have been
turned out in almost endless variety,

and yet the forms sometimes evolved
and dictated either by special and pecu-

liarre quirements, or by inventors' ca-

price simply, have been sufficiently

unique to excite considerably more
than passing attention.

Some of these engines, built after

rational designs, with good underlying

business sense are not by any means
freaks. They were made with the view
of conforming to unusual conditions

which standard locomotive types would
not satisfy, and what, therefore, at first

THE BURT WOODEN RAILWAY LOCOMOTIVE AND FREIGHT CAR.

Copyright, 1896, by The Cassier Magazine Company. All rights reserved.
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sight, would appear in them as the out-

come of unreasoning design, frequently

shows itself to be the most expedient in

the end. Some, again, are freaks in

every sense of the word, intended to

accomplish impossible things,—gener-

ally the development of abnormally

high speeds and powers alike,—by the

combination of fearful and wonderful

mechanisms. Reference to these would
represent but waste of time and space.

No measurable useful results have ever

been attained by them and their ex-

istence furnished evidence simply of

long which connects with the terminus
of a branch of the Southern Pacific road
at Tres Pinos.

Mr. Burt's road rests on 5 -foot ties,

4 by 6 inches square and about 2 feet

apart. On these the longitudinal

wooden sleepers are laid, made of 3 by
4-inch scantling. Each rail consists of

three such pieces, laid side by side, and
forming a continuous wooden floor or

pathway, 2 feet wide, except that a nar-

row slot is left in the centre of the floor.

On this floor the engine and cars travel,

being carried by broad centrally-flanged

THE FRONT END OF THE BURT LOCOMOTIVE.

the mistakes which may be made under
the influence of misplaced enthusiasm.

Of what may be termed the legiti-

mate engines, those shown in the illus-

trations on the preceding page and on
pages 244 to 247, represent several

very interesting examples. These illus-

trations, except that of the pole-road

locomotive at the top of page 246, have
been reproduced from different numbers
of the Scientific American, from which
journal, too, the appended particulars

concerning them have been taken.

The Burt wooden railway locomotive,

depicted on the opening page of this

article, was evolved by Mr. John J.

Burt, who owns a valuable marble
quarry and lime kilns at Cienega, Cal.

,

in the United States. To carry the

lime to the main railroad line Mr. Burt
built a wooden railway about 1 2 miles

rollers or wheels, shown very clearly in

the illustration on page 244, which rep-

resents the front end of the engine.

These rollers are a little over 2 feet

long and the central flanges on them
enter the slot between the wooden rails

and prevent the engine from leaving

the track. Mr. Burt has also a patent

which provides for making the rollers

in halves, half of the flange being cast

on each section. The sections are then

mounted so as to rotate independently
of each other and in this way they make
the turning of curves easier. Consid-

erable grades exist on the line, but

these, it is stated, are readily climbed.

No particulars are given of the driving

mechanism of the locomotive, but this

is probably in the nature of a geared
outfit.

The illustration on page 245 repre-
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A FAST AMERICAN LOCOMOTIVE OF FORTY YEARS AGO.

sents a locomotive built about forty

years ago at the Norris Works, in Phil-

adelphia, for the Camden and Amboy
railroad. The original engraving was
made from an early photographic print.

The Railroad and Fngi?ieering Jour-
nal, in speaking of this remarkable
engine, says that while the exact di-

mensions are not at hand, the cylinders

are believed to have been 13 by 38
inches, and the driving wheels 8 feet in

diameter.

The forward end of the engine was
carried on a six-wheeled truck, and the

single pair of drivers was placed back
of the fire-box. This arrangement re-

quired a peculiar position of the cab
which was placed very high and was
apparently built without much regard
for symmetry or appearance. In fact,

it looks somewhat like a switchman's
or watchman's house, transferred from
the side of the track to the top of the

boiler. The same lack of symmetry
may be seen in the smoke stack, which
was of singularly clumsy pattern. The
engine probably burned wood, which
was the general fuel for locomotives at

that time. The valve motion was all

outside; apparently there was an inde-

pendent cut-off valve, working on the

back of the main valve,—a not uncom-
mon arrangement.

Some of the peculiar features shown
did not belong to this engine alone.

The spaces between the spokes of the

driving wheels were filled with wood,
an arrangement which was in use on
many of the locomotives of the Camden
and Amboy railroad for a number of

years. The trussing of the connecting

rod was also practised on that road for

a long time, and there were locomotives

running with side rods trussed in the

same way, as late as 1873. The high

dome could also be found in quite a
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POLE ROAD LOCOMOTIVE, BUILT BY THE POLE ROAD LOCOMOTIVE COMPANY,
RICHMOND, VA., U. S. A.

number of engines on the same road.

The covered tender, somewhat resem-
bling a small box car, was the pattern

in general use on the road, and survived
up to 1865 or thereabouts; it was pro-

vided with a sort of hood or buggy top
on the back end, in which sat a man
whose duties were to watch over the

train and signal the engineer when any-

thing was wrong, the bell cord passing

through his seat.

Some other engines of the same kind
were built a little later, either at the

Trenton Locomotive Works, in New
Jersey, or at the Bordentown shops.

These were of a little better appear-

ance, and a more modern type. Some
of them had I3x38-inch and some 14x38-

A POLE RAILWAY IN NOVA SCOTIA.
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inch cylinders and 7-foot or 7-foot 6-inch

drivers. They did some fast running,

but had so little weight on the drivers

that they could not handle a heavy
train; moreover they had an unpleas-

ant tendency to jump the track on sharp

curves. These later engines were after-

ward rebuilt with four drivers of smaller

diameter, about 5 feet, one pair placed

in front and one behind the fire-box,

according to the usual pattern. The
long-stroke cylinders were retained,

however, and four or five of these en-

gines with 38-inch stroke were in serv-

ice for some time after the New Jersey

lines were leased to the Pennsylvania

Railroad Company. These engines

had larger boilers than the one shown
in the engraving, and had iron frames

instead of the wooden frames which ap-

pear in the original Norris type. The
photograph from which the engraving

in the ^cieritific American was made
was taken by Schreiber & Sons, of

Philadelphia, from the original Talbo
type. The original had been well pre-

served during the forty-three years since

it was taken.

THE JOHNSTONE LOCOMOTIVE ON THE MEXICAN CENTRAL RAILWi
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AN ENGLISH LOCOMOTIVE OF 1864.

The pole railway picnic illustration on
page 246 appeared originally in Black
and White and is rather more interest-

ing as showing the peculiarity of the

road construction proper than the nature

of the locomotive used. The line is

one of several now in operation in Nova
Scotia.

The pole railway is probably the most
economical form of steam roadway that

has been produced. It is of American
origin and has been in vogue in differ-

ent parts of the country for the past

quarter of a century. It is especially

adapted for use in forest regions, where
lumbering is the principal industry. A
first-class, substantial road built of

poles will cost anywhere from $75
G£i5) to $250 (^50) a mile, accord-

ing to local circumstances. The poles

employed for rails should not be less

than nine inches in diameter at the

smaller end, and should consist as far

as possible of the heart, or they will

decay before they wear out.

In the best roads, a bed is hollowed
out in the butt end of the pole to reT

ceive the small end of the one adjoin-

ing, so as to make a secure junction.

The bed is made about nine inches in

length and deep enough to permit the

smaller end to come up flush with the

larger. The poles are simply laid on
top of the ground, except when the sur-

face is very uneven ; dirt is then thrown
on each side and trampled down to form

a solid bed. After they are in place,

they are slightly trimmed down with
an adz. When a crook of any kind
occurs in the poles, it is of course
turned down in laying the track. No
cross ties are necessary, as the locomo-
tives and cars are so constructed that

they exert no lateral pressure. After
a few trains have passed over the road
there is no fear of the poles becoming
displaced. Curves are made up of a

succession of short poles, care being
taken that the joints come opposite to

each other. The switching is readily

accomplished in the ordinary way.
Where heavy grades are encounter-

ed, it is the practice in some localities

to place the locomotive in the middle
of the train, and at the particularly

steep grades to cut away half the train,

push up the other half, uncouple, and
return for the remaining cars. In this

manner, trains of six loaded cars have
been taken over grades of 700 feet to

the mile with the use of only one loco-

motive. The wheels of the cars and
locomotives have very broad treads,

deeply grooved, so as to fit the curva-

ture of the poles. The illustration at

the top of page 246 will help to give a

pretty fair idea of the general charac-

teristics of a locomotive used on a pole

line, like that just described.

A most interesting engine is that

shown on page 247, designed several

years ago for the Mexican Central rail-
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way by Mr. F. W. Johnstone, superin-

tendent of motive power of that railway,

and built by the Rhode Island Loco-
motive Works at Providence. It was
made for special service in drawing
freight trains over heavy grades and
curves on certain parts of the road, and
in appearance is much like a couple of

locomotives, backed up together, with

the two cabs joined. Flexibility suffi-

cient to go around sharp curves with

the least frictional resistance was gained
by securing the driving wheels in a

truck which is free to move in a line

different from that followed by the main
frames.

The cylinders and boilers are carried

on thejnain frames, separate from the

mit the power and compensate for the

varying distances between the pistons

and the crank. But for this compensat-
ing arrangement, it would be necessary

to give the engine so much cylinder

clearance that the loss of steam would
be very great.

The power transmitting levers are at

the back of the cylinders, connected at

the top by a short link, and the bottom
ends are pinned to the front ends of the

main rods. There are two of the latter,

one connecting with a crank pin, and
the other with a return crank. The
piston transmits motion to the back one
of the two levers and that gives motion
to the front lever which is fulcrumed

securely to the frame near its centre.

TRAM ENGINE OF THE GREAT EASTERN RAILWAY COMPANY,

driving wheel truck. As the cylinders

are not in line with the driving wheels
in rounding curves, it was necessary to

have a special method of transmitting

power from the cylinders to the crank
pins. This was secured in a very in-

genious way through levers that trans-

The engines are compound, with an-

nular cylinders, the high-pressure cyl-

inder being in the middle, and the low-

pressure cylinder outside. The former
is 13 inches in diameter, and the latter

28 inches, the stroke being 24 inches.

It was calculated that the cylinder ca-
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pacity of each pair of cylinders would
be equal to a i9X24-inch simple engine.

Steam is carried in the boilers at 180
pounds. The engineer sits on one side

of the cab with all the necessary appa-

ratus for working within easy reach.

On the other side the fireman pours in

the fuel through side doors. A coal

passer is necessary to aid him.

An old English engine of unique
pattern is shown at the top of page 248.

This was built early in the sixties by
Messrs. Fossick & Hackworth, prob-

ably for the Llanelly Railway and Dock
Company, as it was sold by that com-
pany to the Carmarthen and Cardigan
Railway Company in 1873. The en-

gine came into the possession of the

Great Western railway when that com-
pany took over the undertaking of the

Carmarthen and Cardigan Company in

1 88 1. It was then Worn out and never
worked for the Great Western, but was
broken up in 1889. The engine had
outside cylinders, placed obliquely on
the sides of the smoke-box. The con-

necting rods were coupled to the trail-

ing wheels. The tender had a wooden
under frame and was probably not the

one originally supplied with the engine.

One of a number of small engines

which are in use in the works of the

Lancashire and Yorkshire railway, at

Horwich, England, is shown at the top
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of page 250, and is perhaps of special

interest at this time when so much is

being said about railways for dealing

with agricultural produce. Six miles

and a half of tramway lines are laid

throughout the Horwich works and
are operated by these engines, carrying

material between the various buildings.

They are built to run on an 18-inch

gauge, and have cylinders 5 inches in

diameter with 6-inch stroke. The
wheels are 16^ inches in diameter, and
the wheel base measures 2 feet 9 inches.

The extreme width of the engines is 3
feet. They work with 170 pounds
boiler pressure and have a tractive

power of 1412 pounds, or about g}{
pounds per pound of effective pressure

per square inch of piston area. When
full and in working order each engine
weighs a little over three tons. The
relative proportion between one of these

engines and the regular main line ex-

press engine (7-foot 3-inch four wheel
coupled) of the company is well shown
in the illustration which shows the two
engines side by side.

A remarkable type of engine is found
in the double Fairlie locomotives which
were specially designed to run on one
section of the Mexican railway, where
there are inclines as steep as 1 in 25.

The engines, which were built by
Messrs. Neilson & Co., of Glasgow,
Scotland, are exceptionally heavy, and
when fully loaded with water and fuel,

scale ninety-four tons, a weight which
is wholly available for adhesion. Each
bogie is fitted with two cylinders, and
is an engine complete in itself, steam
being supplied from the boiler which is

common to both.

The leading dimensions of the engine

are:

—

Cylinders 16 inches diameter
"

_ 22 " stroke
Wheels 42 " diameter
Heating surface in tubes 1,532 square feet

" " in firebox... 180 " "

total 1,712
Area of grate 33 " "

Wheel base of each bogie 8 feet 3 inches
Wheel base total 32 " 5 "
Distance of centres of bogie
pivots 22 " 8 "

The working boiler pressure is 165
pounds, and the tractive force 268

pounds for each one pound of effective

pressure in the cylinders. Taking this

at 146 pounds, the total tractive power
or pull on the draw bar is about seven-
teen tons.

This unusual type of locomotive seems
to satisfactorily perform the particular

class of work for which it is designed,

as shown by the large number which
Messrs. Neilson have constructed.

Three lots have already been finished

and sent out to Mexico, the first in

1882, the second in 1889, and the third

in 1 89 1. A fourth lot is being con-

structed, in which, with the addition of

the Westinghouse brake and other im-

provements, the weight in working
order will be increased to probably

ninety-six tons.

Accidentally one of these engines was
subjected to a test which far exceeded in

severity any one wrhich could have been
devised by a board of trade or other

inspector. An account of the occur-

rence may prove interesting alike to the

locomotive engineer and to the general

reader. Something went wrong on one
occasion with the brake on a train drawn
by one of the Fairlie engines, and the

train, which was on a decline, conse-

quently ran away. Some of the wagons
were derailed and smashed up. The
engine then broke loose, and dashed
off on a stretch of six or seven miles

down the slope, over reverse curves of

from 350 to 400 feet radius. It reached

the bottom in safety and was there

pulled up. The speed, which was far

beyond the highest rate contemplated

by the designers, is believed to have
been as high as 70 miles an hour. One
of the curves traversed is more than

a semi-circle, and is of about 400 feet

radius, while the gradient there is even

worse than 1 to 25.

Having regard to the terrific speed at

which the motion must have been work-
ing and the swaying which the engine

got on the run, the fact that nothing

gave way speaks volumes for the sound-
ness of the material and the excellence

of the workmanship. The officials of

the railway company consider that the

incident forms one of the finest testi-

monials which the Messrs. Neilson could

have received.

The Shay locomotive, shown at the
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THE SHAY LOCOMOTIVE, BUILT BY THE LIMA LOCOMOTIVE AND MACHINE
COMPANY, LIMA, O., U. S. A.

head of this page, is a form of geared en-

gine which has proved of excellent serv-

ice inlumber regions, hauling heavy loads

over steep grades and on poor roads.

Mr. E. Shay, the inventor of this engine,

was engaged in the pine lumber industry

in Michigan, in the United States, and
conceived the idea of a geared locomo-
tive for hauling logs. He built his first

locomotive on an ordinary flat car and
it became at once apparent that he had
made a useful invention, the engine
having a very short rigid and a very

long flexible wheel base, enabling it to

work successfully on the sharpest

curves.

As finally developed and now built,

the engine rests on two four-wheel,

centre - bearing swiveled trucks, the

wheels of which are driven by bevel

gearing, attached to the right hand
wheels of each truck. The pinions

which mesh with these are carried on a

shaft extending from one axle to the

other of each truck. Power is trans-

mitted through a flexible shaft extend-

feTjflSf^r
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ONE OF THE SHAY LOCOMOTIVE TRUCKS.
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ing from the engines. The latter are

vertical and are on the same side of the

boiler as the pinion shafts. The boiler

is of the usual locomotive form, and,

in order to balance the weight of the

engines, is set a few inches over the left

side of the frame. The machinery is

all on the outside. A cab is provided
for the engineer and fireman, with a

water tank and coal box in the rear, so

building the drainage canal for the city

of Mexico, are using one of these en-

gines successfully on a wooden track,

with heavy grades, varying from 6 to 8

per cent. , and some as much as six

miles long.

All the working parts of the locomo-
tive are of cast steel; the gears are

mounted on a common steel frame and
are placed in an oil tight case which is

Slflft

IISLER LOCOMOTIVE, BUILT BY THE STEARNS MANUFACTURING
COMPANY, ERIE, PA., U. S. A.

that the whole outfit has the general

appearance of an ordinary locomotive.

On regular metal track roads, as well

as on wooden tramroads, engines of this

make have yielded most creditable per-

formances.

The Heisler locomotive, shown on
this page, is another form of geared de-

sign which is giving a good account of

itself. It is built in all sizes from ten

to forty tons, and there are now under
construction by the Stearns Manufact-

uring Company two thirty-ton engines

and one of forty tons for prominent
lumber firms. The main features of the

design are very well shown in the illus-

tration. Messrs. Reed & Campbell, a

firm of English engineers, who are

filled with lubricant before being sealed.

This insures good lubrication, freedom
from dirt and dust and safety. The
gears are in halves, and can be removed
if necessary by the engineer with the

ordinary tools found in any kit.

One more example, and this collec-

tion of odd locomotive data will have
reached the limit of space here allowed.

This last example, given on page 255,
has been reproduced from The En-
gi?ieer, of London, and represents the

Jenny Lind around which much histor-

ical interest centres and which was, in

a very large measure, the forerunner of

the standard type of English locomo-
tive. Of the origin of the design, which
is very instructive, The Engineer gives
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A PASSENGER ENGINE ON THE MIDLAND RAILWAY, ENGLAND, IN

the following particulars, made avail-

able through the courtesy of Mr. David
Joy, under whose supervision it was
worked out:

—

In 1846 Mr. Joy was chief draughts-

man at the Railway Foundry, Leeds,

Mr. E. B. Wilson being head of the

firm. Mr. John Gray was locomotive
superintendent of the London and
Brighton railway. At the end of No-
vember, 1846, Mr. Joy was sent to

Brighton to see him about an order for

ten locomotives. Mr. Joy was em-
ployed for some time taking tracings

from Mr. Gray's drawings and getting

particulars. Then he travelled all over
the line on various types of engines,

among others, the curious locomotive
with two pistons moving in opposite

directions in each cylinder, designed by
Bodmer. This engine some years sub-

sequently ran off the road on the Lewes
branch, killing both driver and fireman.

The engine designed by Mr. Gray had
six wheels, single drivers, 6 feet in di-

ameter, leading and trailing 4 feet, cyl-

inders 15 inches by 24 inches, boiler 10

feet long by 4 feet 1 inch diameter.
The fire-box was square, 3 feet 4 inches

by 3 feet 4 inches, and 4 feet 9 inches

deep. There were 700 square feet of

tube surface, and 79 feet of fire-box, and
11 square feet of grate; pressure 100

pounds. There were two domes, both
alike with square bases and lever safety

valves. This engine was built by Hack-
worth, and ran very well, easily making
forty miles an hour with heavy trains.

There were on the line certain long

boiler engines. These were much fa-

voured, but those on the Brighton line

rolled fearfully.

Mr. Joy endeavoured to arrive at

some conclusion as to what engine

really would suit the line best out of all

the types in use. He returned with the

tracings of the Gray-Hackworth engine

to the Railway Foundry, and began
new drawings for two engines, Nos. 60
and 61. These had scarcely been be-

gun when Mr. Gary left the Brighton

line. The drawings were stopped, and
orders were given that the Railway
Foundry should submit designs for a

new type. By Mr. Fenton's directions

Mr. Joy began to scheme on the lines

of the last locomotive built; one for the

Leeds and Dewsbury line, with a boiler

1 1 feet 6 inches long, outside cylinders,

drivers far back, and trailing wheels be-

hind the fire-box, and with as much
heating surface as possible.
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About a dozen engines were sketched,

and none of them appeared satisfactory.

Mr. Joy went home on Saturday after-

noon with his mind full of his subject,

and in the evening he began scheming
again, and prepared a sketch of the

engine subsequently known as thefenny
Lind, so-called after the famous singer

whose name was just then in every one's

mouth. At that time a low centre of

gravity was deemed essential to steadi-

ness. The Jenny Lind had inside

cylinders, 15 inches by 20 inches,

and single driving wheels, 6 feet in

diameter.

There were 800 square feet of sur-

face, of which 80 were in the fire-box.

The cylinders had the slide valves be-

tween them. The valve gear was the

Stephenson link, the link being hung
from the middle at one side only.

Great care was taken to provide a free

exhaust. The pressure was 1 20 pounds,
and the calculated weight full twenty-

one tons.

On Monday morning Mr. Joy took
his sketch to the works. It was at once
approved, and he began detail draw-
ings; various parts were strengthened,

and the finished engine weighed full

twenty-four tons. This was the origin

of the Jenny Lind type, which remained
for years the standard engine built by
the Leeds Railway Foundry Company.
It was the first high-speed really econ-

omical engine, the economy being due
to excellence of workmanship and good
proportion of parts, but mainly, no
doubt, to the then excessive pressure

carried in the boiler. To Mr. James

Fenton is apparently due the credit of

making the advance from 80 pounds or

go pounds, then usual, and 100 pounds,
then exceptional, to 120 pounds. Mr.

Joy says that he endeavoured to com-
bine in the Jenny Lind all the good
points of the Gray and various other
engines. The Jenny Lind constituted

a remarkable advance on what had gone
before it, and held its own for years to

come with what followed it, and this is

not wonderful when we consider what
the performance of the engine was in

actual work.
In May, 1847, the first Jenny Lind,

No. 60, on the Brighton line, was com-
pleted. The boiler was lagged with
mahogany. The first run was made
with it to Wakefield via Normanton,
and returning, the engine was nearly
run into by the Manchester mail train.

The Jenny Lind was so much liked, that

the Railway Foundry got numerous
orders, and for some time built
'

' Jennys
'

' at the rate of one per week,
a remarkable achievement in those days.

A more powerful type of this engine
was constructed with cylinders still 15
inches by 20 inches, but with four driv-

ing wheels instead of two, the diameter
being reduced to 5 feet 6 inches, the
trailing driving axle being as close to

the fire-box as possible. In August,

1847, the last of the ten " Jennys " for

the Brighton company was finished. It

had 6-foot 3-inch drivers and 1000
square feet of heating surface.

The illustration is a reproduction from
a photograph of a Jenny Lind which
was on the Midland railway.



BRAINS IN MODERN STEAM ENGINE BUILDING.

By W. D. Wansbrough.

HE assertion that

steam engines can

be made by per-

sons possessing no great

amount of brains, if taken

in a general sense, is not so

far from the truth as it

seems at first sight.

In order to realise this it

becomes necessary to brief-

ly review the circumstances
**' under which steam engines

of moderate size are now manufactured

in quantities in modern factories. I

think I shall have no difficulty in show-

ing that the skilled workman of to-day

is as much a product of the times as the

machines he is so largely occupied in

tending ; and that, though the opera-

tive of to-day may be individually as in-

telligent, undoubtedly far better edu-

cated, and an all-round better citizen

than his predecessor of a previous gen-

eration, yet, so far as his actual work is

concerned, brain power is being prac-

tically superseded by steam power.

I make this rather sweeping state-

ment deliberately and with a sincere

conviction that, disguise it how we may,
while our machines are becoming almost

human, nay, almost superhuman in their

powers, the workman himself is, as a

matter of fact, more and more nearly

approximating to the condition of an

automaton,—a wage-earning machine.

He is living upon the brains of dead-

and-gone inventors, pioneers ofmechan-
ical industry, like Maudsley, and Bra-

mah, and Whitworth,—intellectual

giants, whose legacies enable us, as it

were, to eliminate the quality of hard-

ness from iron and steel, and to cut

these and other metals into what forms

we will, without even the appearance of

effort.

256

The mechanic of the present day gets

through his day's work without the

necessity of exerting himself to more
than the most trifling extent, either

bodily or mentally. I quite admit that

this is a gain, on the whole, for all the

parties concerned ; for the workman,
because, though his work is lightened,

he earns better wages, and is at liberty

to devote his intelligence to doing good
for himself in other ways—his status is

raised ; he has time and opportunity
for rest and rational recreation; his

day's work is not, as formerly, his day's

sole occupation. It is a gain, too, for

his employer. A single man's pro-

duction is now from five to fifty times

what it was in the early days of mechan-
ical engineering. It is good for the

community at large,—-directly, because

the increased facility of production

lessens the price at which good articles

may be purchased ; and, indirectly, be-

cause the man, relieved from exhaust-

ing toil, is a more valuable citizen than
he who has no leisure to devote to the

improvement of himself and his fellows.

I must not, therefore, be understood
as conveying a reproach when I assert

that the mechanic of the period has his

mental as well as his bodily labour per-

formed for him.

At the root and foundation of all

steam engine construction are two ele-

mental forms—the flat surface and the

screw. We shall probably never know
under what difficulties our early pre-

decessors laboured in the endeavour to

produce true planes and accurately

pitched screws. The mechanic (or

machine attendant as he might perhaps

be more appropriately called) of to-day

would probably reply, if asked how the

first screw was produced, with some
feeling of pity for the ignorant ques-
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tioner, that of course it was cut in a

screw-cutting lathe, or in a screwing-

machine.
Was it ? A few months ago an his-

torical engine factory was broken up
and sold piecemeal under the auction-

eer's hammer. This was the cradle and
nursery of the steam engine, for it

was built and equipped by a respect-

able, but somewhat old-fashioned, firm

of engineers, called Boulton & Watt,
somewhere about a hundred and twenty
years ago.

Evidently this firm of new- beginners

was not so well up in screw-cutting as

our flippant friend yonder, for it was
found at that sale that one, at least, of

their lathe-screws had actually been cut

out of a round bar by sheer force of

hammer, chisel, and perseverance, fin-

ished dead true, and pitched accurate-

ly, and its nut in halves to match by
hand with a file. Our friend could

have done the job for them in about a

fiftieth part of the time.

This historical screw is probably the

parent or ancestor of countless multi-

tudes of other lathe-screws, and when
we reflect that any original error in

pitch would be faithfully transmitted,

copied or reproduced into every screw
generated from it, directly or indirectly,

we can appreciate the knowledge and
foresight which led the firm of Boulton
& Watt to originate a true screw for

their own use regardless of trouble or

expense, in this painstaking manner.
Nearly forty years afterwards, Mauds-

ley practised a more certain and less

cumbrous method ofgenerating original

screws. "It consisted in the employ-
ment of a knife- edged, hardened steel

instrument, so arranged as to be set at

any required angle, and its edge caused
to penetrate the surface of a cylindrical

bar of soft steel or brass. The bar,

being devolved under the incisive action

of the angularly placed knife-edged
instrument, thus received a continuous
spiral groove, cut into its surface. It

was thus in the condition of a rudiment-
ary screw, the pitch or interval between
the threads being determined by the

greater or less angle of obliquity at

which the knife-edged instrument was

4-2

set with respect to the axis of the cylin-

drical bars revolving under its incisive

action.
" The spiral groove, thus generated,

was deepened to the required extent by
a suitable and pointed hard steel tool,

firmly held in the jaws of an adjustable

slide, made for the purpose as part and
parcel of the bed of the machine

; and
in order to generate or produce right-

hand or left-hand screws, all that was
necessary was to set the knife-edged in-

strument to a right or left hand inclina-

tion in respect of the axis of the cylin-

drical bar, at the outset ofthe operation.

The descendants of screws, originated

by Henry Maudsley in this manner, are

to be found in every workshop through-
out the world where first-class machin-
ery is constructed." This concise and
interesting description is taken from the
autobiography of another remarkable
tool maker, James Nasmyth.
A few years ago an original screw,

only, I believe, about five feet long, was
made in London, its primary object be-

ing to produce the screws of astronom-
ical instruments. The cost ofthis 5-foot

screw was estimated at ^200. What
was it that cost the ^200 ? The value
of the material in the screw is absolute-

ly negligible ; the manual labour in-

volved is comparatively trifling. How
was the money spent? In brains !

The method by which this master
screw was produced is too long for in-

sertion here, but, broadly speaking, it

consisted in, firstly, the careful micro-
scopic observation of, and detection of

the errors of pitch in, the finest leading

screw which could be procured. Sec-

ondly, the amount of error thus deter-

mined at very frequent intervals along
the leading screw, was plotted out in a

curve of the full length of the screw. A
steel template, made in the form of this

curve, affixed to the bed of the lathe,

so acted upon the screw of the com-
pound rest, as the saddle moved along,

that the cutting tool was here slightly

retarded and there slightly advanced in

its progress, the effect being to com-
pensate for each error as it occurred.

Whether the screw thus cut was, in

its turn, made the leading screw of the
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lathe, and a second screw cut under
the same precautions, I do not remem-
ber ; but it is evident that if this proc-

ess were carried out two or more
times, a very near approach to a per-

fect screw might be expected.

But for many long years after the

time of Maudsley, while screws of quite

reasonable accuracy were attainable in

every engineer's workshop, there was a

sad want of uniformity in pitch and in

diameter, as well as in shape of thread.

In fact, the more time and attention a

man paid to the establishment of a sys-

tem of screw-threads which should rule

throughout his own factory, the less

inclined was he to approximate his own
practice to that of other firms engaged
in the same business. Hence, as was
quite to be expected, the different

pitches and diameters in use for nomin-
ally corresponding screw-threads, were
like the stars of heaven for multitude.

I am not now speaking of the '

' bad
old times

'

' when every bolt about a

machine had its own particular nut,

numbered to suit, and which could only
be approached by that detestable inven-

tion, the shifting spanner, or monkey
wrench. The want of uniformity in the

practice of different makers of engines

and engineers' tools was, however,
nothing short of a nuisance to the user.

In this emergency arose Joseph Whit-
worth, whose uniform system of screw-

threads and nuts is now the only stand-

ard in use among English engineers.

We who live in these times are so

accustomed to see absolute interchange-

ability in screw-threads and nuts, by
whomsoever made, that we find it diffi-

cult to realise the confusion that existed

in pre-Whitworthian days. Now we
can catch a ploughboy, put him to work
at a screwing-machine, and the only

exercise for his brains he is likely to find

Is the problem of how many gross he
can screw per day, and perhaps the

laborious mental effort of computing
how much it will amount to at, say,

four pence three farthings per gross.

Or, you can go a step higher in the

mechanics' scale—to the turner. This

is a man who has served an apprentice-

ship to the occupation of inserting a

tool, ground to a traditional form, into

a slide-rest, and so manipulating his

self-acting machine that it either forms
a screw, or a cone, or a cylinder, or a

flat surface, or a nut, or any one of the

endless variety of forms which this most
versatile of engineers' tools, the lathe,

is capable of producing.

It is no reproach to the men who
practise the craft of the turner to say

that the very perfection of the tool

which they manipulate, and of the sys-

tem under which they are employed,
has relieved them, as a body, from the

necessity of unduly straining their in-

tellectual powers. A man may just be
able to compass the rule- of three sum
which fixes the ratio at which his lathe-

spindle should be geared to his leading-

screw, to enable him to cut a screw of

a given number of threads per inch,

but even this is becoming next door to

obsolete, for most lathe makers nowa-
days, having calculated these ratios

once for all, affix to the machine a list

or table to which the workman can
refer and thus save himself the abstruse

problem I have mentioned.
Again, in many modern engineers'

shops the tools used in the lathes and
other machines are upon what is known
as the tool-holder system, which means
that the turner, or planer, or shaper,

has his tools ground and kept in order

for him, thus saving the loss of time in-

curred by leaving his machine in order

to grind his cutting-tools. His scope
is further reduced, in all probability, if

he be employed in a large factory, by
the circumstance that it is found to pay
both master and man better to keep
the lathe employed upon repetition-

work from one year's end to another.

Thus, a man may, during the whole
of his active life, be continuously en-

gaged upon the production of one
article, nay, frequently upon only one
size of one article. Of course he attains

a certain degree of expertness in ma-
chining this particular article, but,

according to my own observation, not,

as a rule, to such a marked degree as

one would be led to expect. Surely

this machine-made workman, the ultim-

ate product of the system of specialising
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the man to the work, is a case in point,

that no great amount of brains is

needed in making a steam engine.

In the days of Boulton <k Watt,
brains were as necessary as hands to

the workman, and every one, down
to the humblest, had his share in the

production, and, not impossibly, some
liberty in the suggestion of points in the

design also, of each new mechanical
wonder turned out from their Soho
Foundry.

'

' We are,
'

' writes Matthew Boulton
to the celebrated Smeaton, himself an
engineer, and the successful builder of

the third Eddystone Lighthouse (now
re-erected as a monument to his memory
at Plymouth), "we are now system-
atizing the business of engine-working.

We are training workmen, and making
tools and machines to form the different

parts with accuracy and at a cheaper
rate than can possibly be done by the

ordinary methods of working. Our
workshops will be of sufficient extent to

execute all the engines which are likely

to be soon wanted in this country, and
it will not be worth the expense for any
other engineer to erect similar works."

Boulton was a better engineer and
man of business than prophet. The
Soho Foundry which was to be equal

to the supply of all the steam engines

required for England, has ceased its

activity and the buildings have been
converted to other uses. But every
steam engine at work to-day records

the imperishable genius of James Watt
and the immeasurable benefits which
his inventions have conferred upon the

human race.

It took brains in those days to pro-

duce a flat surface upon a piece of

metal. After days of laborious chip-

ping, and filing, and grinding, an ap-

proximately level surface was produced,
and was, no doubt, contemplated by
the successful artificer with a feeling

that he, too, had produced something
worth his master' s approval. Nowadays
the most ignorant labourer, utilising the

brains of one man, Henry Maudsley,
the founder of the present great firm of

Maudsley Sons & Field, can, without
unduly fatiguing his own intellectual

powers, produce in a tenth of the time
a flat surface which would have inspired

Watt or Smeaton with admiration.

And so, throughout each department
in this modern engine factory the most
casual spectator cannot fail to observe
how the process of natural selection has
differentiated thought and action. The
man who thinks does not work—at

least not with his hands. Probably he
is regarded by the man who works,
but does not think, as having an en-

viable sinecure.

Labour-saving machines, each the

embodiment of some inventor's thought
and care, many of them masterpieces

of mechanical skill, abound on every
hand, and are adapted to every con-

ceivable purpose. Every detail in the

standard patterns of prime movers,

steam, gas or oil-engines, made in this

place, is thought out and designed with

a view to being dealt with by one or

other of these self-acting machine tools

we see around us. Dimensions, gauges,

templates, all are prepared. Thought is

as carefully economised in as labour. A
design or a process, once thought out,

remains, and continues in force until

superseded by some better method.
Each workman has his own appointed
work, his own prescribed method of

doing it, from which he is expected not

to deviate. In short, his thinking is

done for him, and he is paid, not for

his brains, but for the work of his hands.

Lest I should be accused of over-

drawing this picture, let me hasten to

add that promotion from the ranks is

the unfailing reward of conspicuous

ability. The eyes of those in authority

are constantly on the alert to bring

forward the man who shows signs of

exceptional ingenuity or of adminis-

trative power. If this should meet the

eye of any among the great army of

workers who are desirous of improving
their position, let me impress upon
them with whatever force my words
may carry, that although application

and industry are essential character-

istics of the man marked out for ad-

vancement—in the sense that a lazy or

inattentive workman is hopelessly out

of the running—yet, a man may be
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sober, punctual, attentive, and a good
workman, but, unless he exhibit traces

of other qualities than these—a work-

man he will live and die. His reward

will be found in his being given the

best class of work in his particular line,

in being paid at the highest current

rate of wages, and in the esteem and
respect which such qualities never fail

to earn from his fellows, his superiors

in grade, and his employers.

But he will never be promoted

—

never be put in responsible charge of a

section or of a department, and he will

possibly experience the mortification of

seeing some much younger man put

over his head, into the position to

which, by seniority, he is clearly en-

titled. What is it that he lacks?

Brains? No ! not even that, neces-

sarily.

The man who outstrips him in the

race may be no better stocked with

brains than he, but he has learnt to

make use of what he has. He is

ambitious to lead instead of following,

and by observing what he sees, and
reasoning upon what he has observed,

he has developed his faculties.

He sees a process that might be im-

proved upon. The result of his improve-

ment will be that the price of the work
will be reduced by one-half. The
simply sober and attentive workman,
who cannot see an inch beyond his

nose, would deprecate any interference

or alteration leading to such a result, on
the ground that he would have to pass

double the number of articles through
his hands to earn the same money, and

would be simply benefiting his employer.

Short-sighted mortal !

The younger man gets his invention

or suggestion adopted, perhaps with

hardly a '

' thank you' ' from his foreman,

and as nothing succeeds like success,

keeps his eyes on the alert to see

whether he can not hit upon something
else. In a shop where men and boys
are grouped into gangs or contracts, he
applies to have a couple of boys grouped
with him, and takes charge of a small

contract. To his own immediate pe-

cuniary loss he devotes himself assidu-

ously to teaching these boys the best

methods of doing their portions of the

work. The temporary loss is soon
made up by the increased output from
the boys, and he feels able to under-

take a more important contract.

By and by he is looked upon as a
young fellow who "can't be kept,

down." He is an inventor, he is an
administrator.

" Remind me about him the next
time there is a vacancy," says the man-
ager or the employer—and •

' he puts on
his coat," and the ranks of manual
workers, like Joseph's brethren, "make
obeisance unto him."
Such are the lines upon which the

workman who desires to rise should
proceed. I make no apology for hav-

ing devoted so much space to dis-

cussing this question—even at the risk

of turning all our workmen into fore-

men prematurely. There is always
" room at the top," and for men who
have cultivated their brains there is an
ever-increasing demand.



FLY-WHEEL NOVELTIES.

By Harry E. Campbell.

HE one part of an
engine which
does not in re-

cent years ap-

pear to have
received the

attention that

its importance
seems to war-
rant is the fly-

wheel. The
wheels under
construction
to-day are the

same in all

essential feat-

ures as those

put on en-

gines five or ten years ago.

The cast-iron wheel has undoubtedly
reached the limit of development, and
that no further improvements can be
looked for in them is universally ac-

knowledged by engineers. The many
accidents caused by the bursting of

cast wheels prove that such wheels are

unsafe and unreliable, and unfortu-

nately the larger and heavier the wheels
are built, the smaller is the factor of

safety employed.
All other parts of an engine are de-

signed so as to safely withstand a much
greater speed than the normal, but the

fly-wheel has usually very little surplus

strength. The consequence is that

when the engine speeds up from any
cause, the fly-wheel is almost invariably

the first to give way under the strain.

Fig. i shows a section of a modern fly-

wheel, and from the careful study of

fourteen large wheels the writer has de-

cided this to be one of the best cast

wheels in use.

This wheel is well designed and con-
structed, making So revolutions. At

94 revolutions the strain becomes iooo
pounds per square inch in the flanges

of the rim. In this calculation it is as-

sumed that the arms will carry one-third
of the stress due to centrifical force

and that the other two-thirds are resisted

by the rim. This makes the factor of

safety one-sixth. This wheel is a good
illustration of the weakness of cast-iron

in fly-wheel construction. Perhaps it

may be said that the tensile strength of

cast-iron is over iooo pounds per square
inch. This is generally true, but the

writer believes it to be the utmost limit

of safety in cast wheels.

All foundrymen know that it is im-
possible to get uniform results from
cast-iron, and of two castings, put up
by the same man, moulded from the

same pattern and poured from the same
ladle of iron, one may prove to be per-

fect, while the other, looking equally

well on the face, may be honeycombed

1
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FIG. I.—A MODERN FLY-WHEEL DETAIL.

in such a manner as to make it worth-

less. The proof of this can be found in

every scrap pile.

The weakest point in a built-up wheel

is undoubtedly in the connections of

the rim. This is due to the angles and
possibly to shrinkage strains. Where
the arm and section of rim are cast to-

gether, as seen in some well-known

261
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20-FOOT BUILT-UP STEEL BELT WHEEL IN THE POWER HOUSE
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wheels, the junction of rim and spoke
must necessarily be a weak point due
to the shrinking of the iron away from
this part of the casting.

When the shrinkage of iron is from
one-eighth to one-twelfth of an inch to

the foot, and some parts of a casting

are chilled while others are yet molten,
the tendency of the iron to shrink away
from angles can readily be seen. The
churning of iron in the mould as a

remedy for this, as advanced by some
writers, is of little importance, as the
riser is always too small to remain
molten long enough to be of much
value in heavy castings. That shrink-

age strains have much to do with fly-

wheel accidents has been often proven.
That castings change their form after

having the scale removed is well known
too, and this, undoubtedly, has much to

do with the wabble in many wheels. A
wheel is jointed, bolted together and
turned true on face and edges, and after

it is taken apart and again erected in

position on the shaft it is seldom found
to run perfectly true, showing that there
must be unequal strains on some of the
connections due to the castings chang-

ing their form. The arms, if hollow,

may be defective by the core rising in

the mould, leaving one side heavy. If

a green sand mould is used, uneven
ramming may injure a casting.

The mixture of iron is also an import-

ant factor in fly-wheel construction.

Very few large wheels are balanced,

many builders depending on the differ-

ent sections weighing the same as they

are moulded from the same pattern.

This, however, should not be relied

upon, as castings from the same pattern

are liable to vary greatly in weight.

The well known formulas for computing
the weight of fly-wheels are defective

when used in all cases. In one case a

wheel was replaced by another of one-

half its rim weight and regulated the

engine perfectly. In electric power
stations weight is always an important

factor as a means of securing steadiness

in running.

It is not unusual to find a wheel of

50-inch face, with a hub bearing of only

24 inches. This may not be important

when the hub is shrunk on the shaft

and the wheel is new, but after a few

years of service the wheel is certain to
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"begin to work on the shaft and when
the main bearings are worn, a side

thrust will develop which will throw an
enormous side strain on a wheel. This

it may not have been designed to with-

stand.

For small wheels cast-iron is probably
the cheapest and best material, but the

tendency to-day is toward larger and
more powerful engines. That the wheel
of the future will be of other material

than cast-iron is, undoubtedly, the case,

and on account of the great tensile

strength and cheapness of steel, that

material may be used.

The writer, in conjunction with Mr.
Thomas E. Murray, consulting engineer

of the Albany Railway at Albany, N.
Y. , U. S. A. , has designed a 20-foot

steel belt wheel which has been erected

and is now running in the power house
of the Albany Railway Company. This

wheel, which was briefly referred to in

the June number of this magazine, re-

places a cast-iron wheel of the same di-

ameter which burst last fall and caused
much damage. The engine is one of

a pair, and a second wheel is now un-

der construction for the other engine.

These engines are of the Cooper-Corliss

type, 500 H.-P. , tandem compound,

2o"x36"x48", and are belted to a 500
K. WV Edison multipolar generator.

The speed is seventy-two revolutions

per minute. The new wheel is built

entirely of steel, except two cast-iron

fillers, as shown in the illustrations on
this page, and weighs complete about

27 tons. The steel used has a tensile

strength of 60,000 pounds.

The hub consists of twenty ^-inch
steel plates and a cast-iron filler. The
plates are put together in four sections

and each section is held together by
24 -inch countersunk rivets. The sec-

tions are placed one against the inside

and one on the outside of each disk and
the cast-iron separator is between them.

The illustrations show this arrangement
plainly. The hub fits closely on the

shaft and is held together by thirty-two

steel bolts, which pass through from
side to side.

The disks consist of thirty-two sectors

of ^{-inch steel plate, riveted together

in two layers with 24 -inch rivets, the

joints broken and the outside joints cov-

ered by 5x%-inch steel bars, thus mak-
ing a continuous web. The two disks

are set at an angle to each other on the

principle of the bicycle wheel. This

arrangement of the webs is one of the

FIG. 3.—ANOTHER FORM OF BUILT-UP WHEEL.
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most important features of the wheel as

it prevents all vibration and side motion
and makes the wheel run steady and
true. At the rim again the disks are

separated by a cast-iron filler ring.

The rim consists of four layers of steel

plates and is connected to the disks by
two lines of 6x6x^-inch angles, one on
each side of the web. The outer layer

of plates is 50 inches wide by ^-inch
thick; the next is 50x^s-inch; the next

40x^-inch, and the innermost is 32x^-
inch. The inner plates, being narrower,

give a better opportunity for riveting.

The rim ends of the 5x^4 -inch bars are

bent over and two i^-inch rivets pass

entirely through the rim and the ends
of each bar, thus making a very strong
connection. The weight of the rim is

about 15 tons.

This wheel ran for some time without
being turned, but that has since been
done. While the nominal speed is but

72 revolutions, the wheel is guaranteed
to run 250 revolutions, and it is calcu-

lated that it will run over 350 revolu-

tions per minute safely and without
bringing an excessive strain on any part

and without danger of bursting.

The writer has also designed recently

a 20-foot steel fly-wheel proper which
is to weigh 100,000 pounds and which
is intended for use on direct connected

engines for electric power plants. The
hub and web are essentially the same as

in the wheel just described, except that

instead of the twenty %-inch plates ten
1 -inch plates are used, and the radial

bars on the disks will be increased in

size from 5"x%" to 6"xi".

The rim consists of two outer plates

1 -inch thick. A i-inch plate 18 inches

wide and sheared at the circumference

of a circle 19 feet 8 inches in diameter
is inserted between the disks and pro-

jects 6 inches beyond them. The an-

gles between are filled with cast fillers,

and the whole is securely fastened to-

gether. To this plate are riveted two
rings of 6x6x^-inch angles, and to

these angles the two outer plates are

connected as shown on page 263. These
plates are also connected to the 6"xi"
bars in the same manner as in the belt

wheel. On each side of the web the

angle is filled with an iron casting, and
outside of this eight i-inch plates,

sheared into segment shape, are fast-

ened, four on each side. These plates

are of different sizes and the smallest

are on the outside. The whole is held

firmly together by bolts and rivets,

making the whole rim virtually one solid

piece. The wheel is moderate in cost

and practically speaking, cannot burst

from centrifugal force.

AUTOMATIC COAL WEIGHING MACHINES FOR POWER
STATIONS.

By Francis H. Richards.

PROBABLY the progress made in

no other art more accurately

times the onward march of civ-

ilisation than the art, or business, of

handling crude materials. With every
reduction, for instance, in the cost of

handling earth, more than a propor-

tionate amount of earth-filling is made
commercially profitable. The cost of

handling ores and fuels, from the mines
to the consumer, constitutes one of the

larger items of their total cost at the

place of use; and in whatever trade it

may be, each handling of materials,

every delay and incidental loss, is car-

ried forward and ultimately appears in

the charge against the consumer.
In power stations the problem of

economical operation is not altogether

the attainment simply of economy, but

its maintenance as well. It is, indeed,

hardly too much to say that the latter

branch of the question is the more diffi-

cult of solution. In making a boiler
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test, for example, not only is the en-

vironment usually modified, but the

cost of the test itself is, generally speak-

ing, entirely excluded. In regular

"work, however, all charges and condi-

tions, and all changes of conditions,

are represented in the result. We
have, therefore, to ascertain not only

what work may be done, but what is

actually done day after day.

The late Hon. Eckley B. Coxe, who
strongly advocated the substitution of

a continuous record of actual perform-
ance for the prevailing system of occa-

sional tests, once stated the matter very
tersely, saying:

—

"I am not so much interested in

knowing what some expert may be able

to do with my boilers, as to know what
work my firemen are actually getting

from them every day."
To know this, however, means the

measuring of the intake and the out-

put,—means accounting for the entire

supply and production, so that the

necessary comparisons may be made
for formulating the result. In a power
plant this, besides the accounting for

cost of plant and attendance, involves

the measurement of the materials used,

•of the fuel, ashes and water. This,

again, involves an increase of labour
and supervision, and, therefore, of

cost, or the adoption of means whereby
the measurements can be reliably and
continuously made at a cost much less

than the resulting gain. The automatic
weighing machine supplies this require-

ment, automatically handling coal and
water, much after the manner of an
ordinary water meter, say, interposed
in a water pipe, or a gas meter for that

matter, giving a continuous and reliable

record of what has passed through it.

In another way, too, may the auto-

matic weighing machine serve a good
purpose. Daniel Webster has been
quoted for the way in which, in one of

his speeches, he emphasised " the tre-

mendous power of six per cent!" Cer-
tainly the investor of to-day looks
sharply enough to the difference of one
per cent, in the rate of interest charge-
able against him. But does he look as

•closely to the other components of the

cost ?'
' For instance, recent experi-

ments indicate that the anthracite coal

generally used for steam making will

hold about four per cent, of water, with-

out much dripping; and much of that

coal is
'

' watered
'

' to this extent before

delivery. If, now, the coal pile be re-

plenished twice a year with wet coal, it

is evident that the buyer pays the inter-

est rate plus eight per cent, of the pur-

chase price as the cost of the capital

employed in " carrying" the fuel ac-

count.

Although the coal cannot, for obvious
reasons, always be obtained dry, the

drying may be readily effected in nearly

all power stations before the coal reaches

the bins by using heated air drawn from
the upper part of the boiler rooms.
Then, by weighing-in through an auto-

matic weigher and reweighing in the

same way, first to the bins, and next
directly to the furnaces, all of the re-

quired facts are obtained. The first

weighings, by showing the amounts
taken in and delivered to the bins, in-

dicate the evaporation, and a compari-
son of the records of the second and
third readings will show, at any time,

the amount held in storage in each bin,

besides giving the amount chargeable

to each set of boilers.

In order to fully realise in practice

the advantages obtainable from the use

of the automatic weigher as a record

maker, the weigher must not only be
efficient and reliable in itself, but it

must, like other machines, be properly

i. stalled. Engineers, accustomed as

they are to make ample provision for

even the minor accessory devices of

furnaces and boilers, should not give

less consideration to the weighing ma-
chines through which the real perform-

ance of the plant is to be known—to the

machinery, which, when once installed,

becomes not merely an adjunctive ap-

paratus, but a principal member of the

system itself ,—the one member, in fact,

on which the management must rely for

any accurate knowledge of the extent

to which economy of operation is main-
tained.

While the space required by the

weighers is not large, it must be prop-
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erly located. In some cases this will

necessitate slight modifications in con-
veyers, or, perhaps, in the plans of the

building. In no case yet observed,
however, would the necessary provis-

ions, if made in the original plans, have
materially enhanced the cost. A com-
mon error is to place the upper run of

the main conveyer or make the outlets

of the bins so low that the conduits to

and from the weigher cannot be set

above the angle of repose of the coal,

notwithstanding the fact that there may
be ample room above. Proper care in

these respects will avoid using additional

conveyers or other special devices, and

greatly simplify the management of the
apparatus.

The advance of the art of power pro-

duction appears to have reached a point
where the general adoption of the auto-

matic weighing machine has become a
necessity. The capacity of the plant,

and its possible ratio of economy are

determinable by the facilities already in

use. But the changing relations of

owners and operators, increase of direct

and indirect competition, and the result-

ing changes in methods of management,
clearly demand the development of the

boiler test into a continuous self-record-

ing operation.

FIVE-CRANK MARINE ENGINES.

By Thomas Mudd.

THE new screw steamer Inchmona,
belonging to Messrs. Hamilton
Fraser & Co. , of Liverpool, and

built by Messrs. William Gray & Co.,

Limited, of West Hartlepool, England,
is fitted with the first set of engines
that have ever been built upon five

cranks, and the question has been
asked,—Why five cranks? The an-

swer cannot be stated in a word ; it is

a question involving a compound an-

swer. It touches all the reasons that

caused three - crank engines to be
adopted instead of two, and some
things beyond that.

There are answers to the question

which relate to the engine as a piece of

mechanism, and there are some that

relate to it as an apparatus for the econ-

omical use of steam; answers that have
to do with the engine itself; answers
that have to do with the boiler pressure

provided outside of the engines; an-

swers that relate to the effect of the mo-
tion of the engine upon the ship in

which it is placed; and, lastly, there

are answers that relate to the effect pro-

duced upon the motion of the propeller

in the water. The movement to the

greater number of cranks is believed to

be in harmony with the general tend-

ency of the age in several ways. The
tendency is ever to higher and higher
initial pressures; to larger sizes of ves-

sels and higher speeds, and consequently
more powerful engines; to further re-

finements, aiming at greater economy
in the use of coal; and to the adoption
of means tending to reduce vibration

and increase comfort. When all the
answers have been given that ought to-

be given to the question, " Why five

cranks?"—it will be seen that this

engine represents an endeavour to take
a step ahead along all these lines.

The boiler pressure fixed upon in the
case of the Inchmona was 255 pounds
per square inch, and this pressure is-

provided in two cylindrical boilers of

the ordinary multitubular type, which
were tested by Lloyd' s surveyors under
hydraulic pressure to 510 pounds per
square inch without showing the slight-

est sign of leakage. These are probably

the first large cylindrical boilers that,

have been made for sea service at so high
a pressure. For the utilisation of steam
of from 250 pounds to 300 pounds per

square inch initial pressure, it seems, in

view of reduction of the range of tern-
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THE FIRST SET OF ENGINES THAT HAVE EVER BEEN MADE UPON FIVE CRANKS. BUILT BY
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perature in the individual cylinders, as

desirable to adopt more than three

stages of expansion as it was to adopt
more than two stages when the pressure

rose to 150 pounds per square inch;

and although the engines of the Jnch-

mona are not arranged for the adoption

of five stages of expansion correspond-

ing with the five cranks, they are ar-

ranged for four stages of expansion,

which might have been adopted
A
with

four cranks.

In the writer's" view, however, five

cranks offer in many ways decided ad-

vantages over four cranks, and it would
seem that if three cranks be abandoned,
the step should be to the next odd
number, five. With three cranks and
with five cranks, set at equal angles,

the impulses or initial stresses imparted
by the pistons represent, in one revolu-

tion, a number equal to twice the num-
ber of cranks, and are yet delivered at

exactly regular intervals of time

throughout the revolution. With three

cranks there are six equally distributed

impulses in the revolution, three being

upward and three downward, and with

five cranks there are ten equally distrib-

uted impulses, five being upward and
five downward. This is accomplished,

in both cases, in conjunction with the

condition that the cranks, being at

equal angles, balance each other at all

positions of the shaft, so that the shaft

has no tendency to turn to any particu-

lar position due to unbalanced weight.

Three cranks will suffice even with

four-stage expansion for small power,

by placing one cylinder over another,

but the plan is inconvenient for large

powers. To move to five cranks is an
advantageous step in a great number of

ways relating to the mechanism. In

the case of the Inchmona there are two
low-pressure cylinders of equal diame-

ter, and, therefore, not greatly larger

than the No. 3 cylinder. This results

in three important things:

—

First, the centres of the engines,

whilst being suitable for interchange-

ability of crank shafts throughout, are

much closer together than they could

have been with one large low-pressure
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cylinder; in the second place, the re-

ciprocating weights are very greatly re-

duced; and, in the third place, these

reciprocating weights can all very easily

be made equal to each other.

To have very light reciprocating

parts; to have equal weights in the

reciprocating parts on each crank pin;

to have reversals of the up-and-down
effects of these equal reciprocating

weights following each other with only

one-fourteenth to one-sixteenth part of

a second between; all this means not

only to have a very smooth-running
engine, but to have an engine practi-

cally incapable of setting up vibration

in a large ship. At ioo revolutions per
minute these engines run with the

greatest possible smoothness, and at

that speed there are iooo impulses per

minute, or something like 16 per sec-

ond, alternating between an upward
and a downward impulse.

The division of the total power into

five units, giving each crank pin only

one-fifth of the total work, is a step in

the right direction, reducing initial

stresses on bearings, and the distribu-

tion of the power at five equal points of

attachment around the crank circle re-

sults in an exceedingly uniform turning

moment, which is so advantageous to the

speed of the ship by the production of

regular speed of propeller. In large

engines the limit of power is deter-

mined, on the one hand, by the size

the low-pressure cylinder can conven-
iently be cast, and, on the other, by
the number of revolutions per minute
at which it is safe to run with the actual

weights of reciprocating parts necessary,

assuming the boiler pressure to be con-

stant.

There is nothing new in the adoption

of two low-pressure cylinders, but when
this is combined with four-stage expan-
sion and five cranks, an opportunity is

afforded for providing greatly increased

power by securing such a true balance

of parts as to make a higher speed of

revolution easily attainable, other things

being equal. With a given power of

engine, the adoption of the five-crank

principle involves very little increase in

the length of engine room, whilst it

affords greatly increased facility for the

overhaul of working parts, owing to pis-

tons and rods and bearings being so

much smaller and lighter than they
would otherwise have been.

The machinery of the Inchmon i com-
prises some other features that, whilst

not altogether novel, are somewhat out-

side of the ordinary practice. The
boilers are fitted with a battery of steam
drying tubes, through which the steam
passes on its way to the engines, and
the cylinders are steam-jacketed in a

more than ordinarily complete manner,
with a view to trying to retain the work-
ing steam in a dry condition throughout
its progress through the cylinders. The
feed water, resulting from condensation,

is taken up at a low temperature, due
to the adoption of a high vacuum, and
is passed first through feed heaters,

heated by exhaust steam, and then
through a further series of feed heaters,

working at various pressures and tem-
peratures, so that before it enters the

boilers it is at a temperature of about

400 degrees Fahr.

The boilers are fitted with the induced
draught system owned by Messrs. John
Brown & Co. , Limited, of Sheffield, by
which a high rate of combustion per

square foot of grate can be maintained,

and also with their patent Serve tubes,

which have the effect of increasing heat-

ing surface without increasing the size

of boiler. These things combine to

assist in keeping down the diameters of

the boilers so as to bring the high press-

ure within the range of possibility with-

out greatly increasing the number of

boilers. In this system, also, the air

for combustion is highly heated on its

way to the furnaces.

Since the Inchmona is a cargo boat,

and since the matter of paramount im-

portance in a cargo boat' s machinery is

economy of fuel, the question that is of

the greatest interest is that relating to

the economy secured by the combina-
tion of parts and devices mentioned.
Trials made when the vessel was light,

off the port of Hartlepool, during a

couple of days, resulted in the con-

sumption of North Country coal at the

rate of 1.07 pounds per indicated horse-
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power per hour. Whether this will be
improved upon with better quality of

coal and with that improvement which
always takes place in the running of

new machinery, or whether it will fall

off somewhat due to deposits on heating

surfaces, etc. , is yet to be proved by

the experience of forthcoming voyages,

but that the mechanism itself is success-

ful as such, and that the five-crank

engines run continuously in an unus-

ually smooth and satisfactory manner,
is already abundantly proved by the

experience gained up to this time.

ELEVATOR CABLES.
By Charles Desmond.

THE duty exacted from some of

the high speed elevators in tall

city buildings is most trying to

the apparatus. Were it not for the

careful and frequent examination by
trained and conscientious inspectors,

accidents from falling elevators would
be much more numerous than they are,

especially as fully 55 per cent, of the

defects are found in the cables.

Elevator cables are made of iron

wire rope, consisting of a number of

small wires, twisted into a strand, and
several of these strands, the number
varying according to the size of the

rope, are laid around a central core

which may be of tarred hemp. The
wires making up one of the strands

vary in number from 7 to 49. The
ropes most commonly in use have 19

wires to the strand, because these are

most pliable,—an essential quality in

ropes which are used for hoisting and
running over drums and small pulleys.

These ropes are made of soft material,

because it stands the wear and tear

better, when running over small sheaves

or pulleys, than that which is harder or

contains a smaller number of wires to

the strand. Only a soft and flexible

wire will stand much bending.

The longest life of a cable, consid-

ered from the point of frequent bend-
ing, is estimated from the size of a

sheave of which the diameter is 80
times that of a rope. Reducing the

diameter decreases the life in an in-

creasing ratio, so that with a sheave,

the diameter of which is but 30 times

that of the rope, the life of the latter

will not be greater than 25 per cent,

of the former amount. It will be seen
that 80 diameters is taken as the maxi-
mum for practical purpose and 30 di-

ameters as the minimum, for below this,

the bending strain on the rope be-

comes an uncertain factor.

There is another destructive element:

in the wear of the rope, caused by the

strands and fibres rubbing against one
another as the rope is bent during its

passage over the pulleys. This diffi-

culty does not amount to much with

ropes having many wires to the strand,

and especially when the strands are

on a soft core which forms a cushion

for them.

Wire rope is as pliable as new hemp
rope of the same strength, and the

greater the diameter of the sheaves, pul-

leys and drums, the longer the rope will

last. A large number of small wires

twisted together have such freedom of
movement that there is little, if any,

difference in the pliability between a

rope made of iron wire and another

of the same diameter made of hemp;
but if the wires in the strands are of

comparatively large size, they give the

rope, as a whole, a stiffness that makes
it impracticable for use where it is re-

quired to run over pulleys, although it

answers well for standing rigging, for

example.
The tensile strength of wire rope de-

pends on so many different conditions

that it would be impossible to state,

with any degreee of accuracy, what
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would be the strength of a wire rope of

given diameter. Entering into this

calculation would be the strength of

material of which the wire consists, the

number of wires in each strand, the

number of strands and how the strands

are laid, making such a combination

that no certainty could be placed upon
an estimated result, except from a test

made of a sample.

The safe working load on elevator

cables is usually taken at from one-

seventh to one -fifth the breaking strain.

Much depends on the abuse to which
the cable will be submitted, for speed

and vibration, " ramming," and other

causes which may have a deleterious

effect on the elevator cable while in use,

all have an influence in determining the

factor of safety that must be allowed.

Speed increases the wear of a cable

more than load, because the load may
be considered as a steady strain, while

the speed at which it is run subjects it

to more sudden bendings, and a greater

number of them, within a given length

of time. When judged from the effects

produced, it leads one to believe that

the effects of speed are much greater

than would be considered as reasonable

when the duty of the rope is considered;

but the speed of the rope passing

through and over the sheaves causes

several movements of the rope, and
among the wires, which have a tend-

ency to abrade each particular wire.

Vibration that will produce an injuri-

ous effect on the rope by promoting
the tendency to break the wires, may
be produced by some slight inequalities

in the gearing which will produce a

vibratory motion.
'

' Ramming, '

' is the

expressive term used to indicate the

abuse to which elevator machinery is

subjected by the elevator conductor

who finds a certain sense of quiet enjoy-

ment in starting the elevator with a

bound that will take away the breath

of the passengers and cause a sinking

feeling at their stomachs as the elevator

mounts upward, attaining a high rate

of speed at the end of the first second
after it starts; and, also, the same sud-

den change of rate of speed when the

elevator stops at the floor level; usually

it does not stop there, except after sev-

eral rebounds and vibrations which
cause more wear and tear on the rope
than would follow several days' proper
use. Again, when the elevator is de-

scending, the same course is followed

and before the passenger is aware of it,

the elevator falls from beneath him and
has gone down many feet before he has

time to catch his breath.

The strain brought upon the elevator

cable by such handling of the car is many
times greater than the ropes were
ever designed to withstand. When the

car is started and made to attain a given

speed at the end of a given time, the

strain to which the cables are subjected

will become a certain determinable

number of foot-pounds; if the speed is

doubled, or if the former speed is at-

tained in half the given time, the num-
ber of foot-pounds will be four times

the former amount, or as the square of

the increase, and so on for any other

changes in the rate of speed of starting

or stopping. Understanding this,

—

which the ordinary elevator man does
not,—it can be readily appreciated that

even a factor of safety of 10 would be
too small to insure the safety of the

cables. The "ramming" elevator con-

ductor should be disciplined, or edu-

cated, and it is only by ferreting him out

and changing his methods, that elevator

cables are capable of showing the length

of life which most of them attain.

The wear of a cable due to friction

and rubbing between the wires them-
selves and, also, between the wires and
sheaves, is greatly lessened by keeping
the ropes well lubricated with a suitable

compound. This treatment tends also

to prevent corrosion. Steel ropes are

often preferable to those of iron wire

because of the less wear which they

show after a given amount of work.
This is probably due to their smaller

size for the same strength, there being

less wear between the wires themselves

and also, between the rope and sheaves.

The diameter is also less; consequently

the proportionate diameter of the

sheaves over which they run will be
greater. Steel ropes are fully 50 per

cent. stronQer than iron ones and a steel
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rope ^8 -inch in diameter may contain

as many as 300 wires.

In selecting a wire rope for small

sheaves, one should be chosen which
contains a large number of wires in

each strand. These are the most plia-

ble and are better suited for use on
sheaves, or drums, of small diameter.

A wire rope of a tough, pliant material is

better than one formed of material of

high tensile strength alone; particularly

is this the case when the rope is sub-

jected to sudden strains.

The ramming effect on elevators may,
in some cases, be produced by causes

other than those of the carelessness, or

mischievousness of the elevator oper-

ator. It is noticed when air gets into

the cylinder, or when a pocket of air is

formed in any of the pipes in connection

with the water supply to elevators. Air

in the elevator cylinder will cause a

jumping and plunging effect on the

car. Under such circumstances it is a

difficult matter, almost impossible, to

stop the car at a given point without

its vibrating up and down a number of

times and covering a distance of a

couple of feet, or more, at each vibra-

tion. The amplitude of vibration will

depend on the volume of air in the

cylinder or pipes, and the suddenness
of the stop.

An elevator that gave strong indica-

tions of ramming whenever it was started

or stopped quickly, presented a certain

amount of mystery because it was im-

possible to find any air in the cylinder;

yet every time it was started or stopped
quickly it would make two or three

jumps before it came to rest. The in-

dications were that air was confined

somewhere, but as it could not be
found, the source of the trouble was
thought to be in the valve and it was
left in the same condition until an op-
portunity could be found to change it

somewhat.
Before any change was made in this

the question was raised that the trouble

must be due to something else, because
a number of other elevators with the

same kind of valve,—the valves being
made interchangeable,—were in con-

stant use without showing any tendency

to act in the manner indicated. An
examination of the feed pipe from the

supply tank,—using the compression
system,—showed that the pipe rose 6

feet vertically from the tank, and then
ran horizontally 25 feet with a 4-foot

drop. The horizontal pipe had become
an air trap that would occasionally de-

liver a supply of air to the horizontal

cylinder of the elevator. The difficulty

was overcome by inserting a simple air

cock at the top of the pipe, allowing the

confined air to escape each day.

Wire ropes are made in any length

without splices or joints, except the

joints in the single wires which are

placed at different points in the rope,

and these joints are made so as to be

stronger than the wire itself and yet

leave a smooth surface. The material

from which wire ropes are made varies

the tensile strength according to the

quality of the wire; annealed iron wire

has a tensile strength of 25 tons per
square inch; charcoal wire, 34 tons;

special, or extra plow steel wire, 150
tons. The working load for a 5, § -inch

cable of charcoal iron for vertical lifting

would be 1 200 pounds ; but if used for

lifting on an incline the safe working
load would be one ton under ordinary

conditions.

Quick running ropes require a larger

factor of safety than those used at mod-
erate speed; it therefore becomes nec-

essary, with high-speed passenger

elevators, to use a factor of safety of

10. A lower factor of safety will be
found quickly destructive to ropes

operated at high speed.

Broken wires in a cable are due to

the frequent bending, more than to the

strain to which each individual wire

has been subjected; but the broken
wires, although dangerous to a certain

degree on account of their liability to

catch and further injure the rope, do
not weaken the rope more than the

percentage which the number of broker,

wires may bear to the number of wires

in the cable; a slightly greater allow-

ance than this is always made by reason

of the effect which may have been pro-

duced by the greater strain to which
the other wires have been submitted.



THE WORLD'S DESIRE FOR RAPID TRANSIT.

By George EtJielbert Walsh.

VER since the

birth of the

h u m a n race

the constant and per-

sistent aim of man
has been the annihi-

lation of time and
space by mechanical
means. In his rude
and ignorant w a y
primitive man work-
ed out the problem

of speed to the approxi-

ig* mate satisfaction of his

times and needs, and con-

tributed by his effort and
experience an inheritance

of knowledge that has constantly

swelled and expanded in volume up to

the present day. Under slightly

changed conditions each generation

has studied the question, adding its

mite to the storehouse of positive

knowledge, and never resting satisfied

with the achievements of its prede-

cessors.

The savage's conception of speed

must have been relatively higher than

that with which we are at first inclined

to credit him, although his practical

accomplishments in this line were ex-

tremely limited. The swift footed

beasts of the field excited his envy and
admiration, and the rapid-flying birds

of the air must have awed and inspired

him. The speed of the former he soon
made his own by conquering and tam-
ing the fleetest-footed animals of the

country, but the speed of the latter has

remained, even down to the present,

his ideal of the maximum. The flight

of the bird is the study of modern
science, both as regards speed and
conservation of energy.

Mechanical devices for accelerating

the speed of travel appear early in the
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history of every tribe and nation, and
with few exceptions more thought and
energy have been continuously ex-

pended upon their improvement than
upon any similar class of subjects. The
present era of discovery and invention

in the field of rapid transit belittles the
achievements of all preceding periods,

but the trees which yield so abundantly
of fruit to-day have their roots in ages
long since past, and traces of their grad-
ual development are discernible in vari-

ous ways. To assume that all of the
credit of modern inventions belongs to

us is to deny the existence of that con-

tinuous stream of endeavour that marks
the history of mankind.
The secret of the persistent effort of

man to annihilate space is found either

in necessity or pleasure. In his bound-
less forest and limitless desert, the sav-

age found himself in need of food and
protection, and the surest way to ob-

tain both of these was to increase his

speed of travel. His provisions must
be gathered from far and wide, and his

safety from wild beasts and human
enemies must be secured through su-

perior strength or cunning. In the

struggle for existence Nature provided
primitive man with apparently the

poorest equipment for self- protection

against all other animals; but in the

gradual triumph of mind over matter a
power was revealed that he little under-

stood. The inventive genius that could

make the horse and camel contribute

to his needs and pleasures, or could

fashion the canoe and boat to carry him
across rivers and streams, or make the

primitive sled and snow-shoes a means
of transportation across snow and ice,

was the same that to-day harnesses a
Niagara to turn the wheels of a thou-

sand factories, or stores the electric

fluid of the earth and air to make
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transportation cheap, rapid and clean.

The maximum of rapid transit of one
generation has generally been the min-
imum of the next, and the progress to-

ward a higher conception of speed within

the bounds of safety has been marked
in each period by a series of slow, toil-

some experiments. The efforts made
to-day to solve the aerial problem, or

the question of higher railroad speed,

are merely the repetition of constant

endeavours of men in past ages to ac-

complish similar results. Before ma-
chinery was invented for transportation

purposes, the horse, the camel, and the

deer were reared carefully, and selected

with special reference to their strength

and fleetness for rapid transit purposes.

Besides training the beasts of the field

and forest to this end, the Indians of

the American continent developed their

own fleetness of foot, so that they could

contend in a race with the wild horse.

In a long run the Indian could tire out
the four-footed messenger, and even in

short races he would give a good ac-

count of himself. On snow-shoes and
toboggan he became an adept, and de-

veloped the art of traveling by these

appliances to the very pinnacle of per-

fection. No civilised white man could

overtake him in a race across the snow-
clad mountains or prairies, and even the

wild beasts became an easy prey to his

rapid flight. On the water he was
equally skillful in handling the canoe.

In their particular field of endeavour
the uncivilised inhabitants of the globe
accomplished results that cannot be
despised by lovers of rapid traveling

to-day. The Arabian horse was bred
and trained to excel all others, and his

speed has become proverbial, " likened

unto the wind." Carefully kept and
corrected records of horse racing and
horse trotting are preserved to-day so

that we know the highest speed at-

tained, but of the many celebrated

horse races on the Arabian deserts we
have no printed account. The famous
Kochlami breed of Arabian steeds,

however, have never been excelled in

beauty, intelligence, powers of endur-

ance, or speed. Accounts of their won-
derful performances, colored by the pict-

4-3

uresque exaggeration of the children of

the desert, read like fairy tales; but
sufficient authentic history about the

powers of these animals can be gath-

ered to assure us that they were nearly

as fleet, if not fleeter, than our present-

day race horses. The highest record

for horse running stands at one minute
and thirty-five and one-half seconds,

run by Salvator, in the United States,

on August 28, 1890. This maximum
was obtained only under exceptional

conditions, good weather, splendid

track, fine riding, and perfect groom-
ing and care. On the wild desert the

race would be different, and the steeds

of long ago might prove themselves

under similar conditions superior to the

product of modern high breeding and
selection.

In the same manner the wild Ameri-
can Indian horses of fifty years ago
could tire out and distance the best im-

ported horses from Europe, provided

the race was across the rough country

so familiar to the Indian and his steed.

The development of the animal's speed
had been carried on systematically by
the Indians, until, mounted on one of

these broncos, a warrior could run

down almost any wild beast of the

mountains or prairies. The highest

degree of horse racing for such rough
country was reached by the savages a

century ago.

Horse trotting and horse pacing are

artificial accomplishments that have
been fostered and encouraged in civ-

ilised lands as a means of affording

pleasure to the riders, and no compari-

son is required to show that speed has

been greatly increased in this line.

The aborigines of any country care less

about the beauty and grace of their

horses in traveling than about their

speed, and it is only natural that they

developed the running horse, and de-

spised the pacer and trotter. The
highest speed yet attained in trotting

was made by Alix at Galesburg, 111.

,

U. S. A. , when a mile was covered in

two minutes and three and three-quar-

ter seconds, and the best pacing record

was made at Terre Haute, Ind. , U. S.

A. , by Robert J. in two minutes and
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two and a half seconds. Speed alone

being considered by the Indian or Arab,
these records for fast time would be
considered low.

When we turn to other methods of

attaining high speed, we find that the

early records have not been much im-

proved upon in modern times, when the

fever for rapid transit in all its forms
seems to have permeated our whole
civilisation. Professional walking, ex-

cept for long distances, was not con-

sidered sufficiently fast to warrant its

cultivation by primitive races, but run-

ning was an accomplishment that ap-

pealed with great force to all classes.

Necessity compelled the hunter and
warrior to be a fleet and powerful run-

ner, and the ambition to excel in the

races invariably stimulated others to

increase their speed by constant prac-

tice. The early Greeks brought the

art of running to its highest perfection,

and had records been preserved then

with the same care as to-day the mod-
ern amateur or professional runner
would probably have something to

envy. The American Indians were
almost as fleet of foot as their four-

footed friends, and the present world's

record of four minutes and twelve and
three-quarter seconds must have been
equaled by many of the young bucks
of the savage tribes.

The highest canoe record for a mile

is six minutes and forty seconds, made
in 1894, at the fifteenth annual meet of

the American Canoe Association, and
the quickest time a mile has been cov-

ered by a man rowing in a boat was on
the Savannah river, Fla. , U. S. A. , in

1892, when the time was five minutes
and one second. The conditions in

both instances were all that a profes-

sional or amateur could desire, and
everything in the way of mechanical
skill had been done to increase the

speed of the boats. Yet it is more than

doubtful if these records were the high-

est ever made.
We have it on good authority of

travelers and early pioneers that the

Esquimaux in their skeleton, skin-cov-

ered boats, and the American Indians

of the Hudson Bay territory in their

rudely fashioned canoes, could cover

distances much faster than any white

man, and that their speed approached
almost to the marvelous. The same is

true of their snow-shoe traveling. The
Alaskan Indian to-day holds the record

for rapid traveling on snow-shoes over
a wild, rugged, broken country. The
Esquimaux, with his sled harnessed to

a pair of fine reindeer, holds the record

for fast traveling by vehicle across snow
or ice, with the possible exception of

modern ice-boats. The ice-boat of the

Hudson river has attained a speed of a

mile a minute, but the reindeer of the

Laplanders travel, on an average, ten

and twelve miles an hour over the frozen

snow, dragging a sled and its owner
behind. When forced to his highest

speed the reindeer can travel a mile

easily in two minutes with his harness

and sled attached, while, when freed

from these fetters, it is reported that a

mile a minute has been covered by
these sturdy inhabitants of the cold

zone. For cross country riding, when
snow covers the ground, the Lapland-
ers, despite their uncivilised life and
habits, hold the record, and can put to

shame the highest speed of modern
inventions.

The advent of machinery, and the

discovery of invisible forces to move
it, brought in a new era of rapid transit.

Up to this time, however, the speed at-

tained by our ancestors in traveling

over the land and water had progressed

gradually and surely until the maximum
through the physical effort of man or

beast was reached. The only way to

increase their rate of traveling from
place to place was to harness the birds

of the air, or to resort to mechanical
methods never yet dreamed of. But to

do this some powerful motive force had
to be discovered, and in the absence of

it they could but look in awe and ad-

miration at the birds of the air in their

daily flight. How slow and insignifi-

cant was the highest speed of their

horses or reindeer compared with the

small swallow, the delicate humming
bird, or the showy eagle of the moun-
tain peaks! In watching the graceful

and speedy flight of these, what won-
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der that early man believed that there

was still a higher maximum of speed to

be obtained through the physical exer-

tion of nerve and muscle!

Even in these times this belief is not

entirely dissipated by repeated failures

and fruitless experiments, but the ques-

tion is better understood. While the

flight of the bird represents the highest

and most perfect type of animal loco-

motion, its superiority is also partly due
to the medium in which it moves. The
physical strength of man or beast could

never be developed to the degree of

perfection which would enable him to

compete on the land with the birds of

the air. So far even man's mechanical

contrivances, with the aid of steam and
electricity as motive powers, have been
unable to equal the flight of many of

the birds.

The wildest theory places the speed

of the future bicycle railroad trains,

propelled by electricity on elevated

railroads, at considerable less than two
hundred miles an hour; but this is the

extraordinary velocity that the frigate

bird is supposed to attain at times. The
relative speed of birds is very uncer-

tainly understood and verified, and
records are only approximately true.

In the study of the speed of birds it is

impossible to note more than the amount
of time required to cover several miles

in succession. The pigeon, in flying

from one dove-cote to another, has been

known to make a mile in a minute and
nine seconds in a two-hundred-mile

race, and another averaged a mile

every minute and fifteen and a half

seconds in a four-hundred-mile race.

In such experiments one is at a stand

which to admire the most,—the relative

speed of the birds, or the tremendous
powers of endurance.

It is a well-known fact that the falcon

can overtake the pigeon in a race, and
its speed is estimated at nearly twice

that of the ordinary carrier pigeon.

Well-trained falcons have covered sev-

enty-four miles in one hour, and hawks
are said to make one hundred and fifty

miles in the same length of time. The
crow is a slower bird than any of these,

but even its clumsy flight averages

twenty- five miles an hour. The frigate

bird, however, excels even the hawk or

falcon, both for its speed and its long-

sustained flights. In the tropics it can

be seen hovering for lengthened periods

in midair without a movement of the

wings perceptible ; but its sudden flight

downward toward the water is like the

flash of lightning. While the total

length of the frigate bird is only three

feet, the expanse of wings is from six

to eight feet. It is frequently found
long distances from land, but it never

seems to tire of flight. Its speed has

been estimated at two hundred miles an
hour, or a mile in eighteen seconds.

The Kestrel or sparrow hawk is said to

cover one hundred and fifty miles in an
hour.

How this tremendous speed compares
with that induced by man's contrivance,

even in this marvelous age of rapid

transit, can be seen by examining the

speed of a gun projectile. Some of the
high-power guns of to-day expel their

projectiles at a speed of 3300 feet per
second at the muzzle, or about one
and six-tenths of a second per mile;

but as the speed constantly diminishes

after it leaves the muzzle, the speed
cannot be estimated much higher than
four or five seconds per mile over a

course of five miles or more. The
cannon-ball and the rifle-ball represent

the highest speed attained by man
through his personal efforts, but these

are useless for the purposes of trans-

portation.

The acme of rapid traveling was
reached in 1893, when the Empire
State express, on the New York Cen-
tral railroad, in the United States, made
a mile in thirty-two seconds, near Crit-

tenden, N. Y. This speed was at the

rate of 112 y2 miles an hour, the high-

est speed developed by any steam or

electric conveyance in the world. This
record is for only a short distance, and
does not represent the average between
any two points, but simply the highest

rate that has ever yet been forced from
any mechanical contrivance of man.
The highest speed of a train hauled by
electric means was made on the Balti-

more and Ohio railroad, in the United
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States, at the Baltimore tunnel, in 1895,

when a mile was covered in fifty-nine

seconds. As electricity for moving
trains is yet in the early stages, this

slowness, compared with steam railroad

speed, is not so significant as it may
appear at first. Certainly the marvels

of electrical rapid transit predicted for

the near future would off-set any such

little difference in the present relative

speed between it and steam.

A corporation has already been pro-

jected at Washington, and the American
Congress has been petitioned to grant

a charter for the right of way for an

elevated road between that city and
New York to carry passengers and mail

at the rate of 120 miles an hour. The
trains are to be lighter than the ordi-

nary ones run on steam roads, and
they are to travel on a road built above
the ground, with one line of wheels be-

low, and auxiliary ones on the sides to

steady the motion of the cars. As sev-

eral similar "bicycle" railroads have
been proposed and experimented with

in the past, it may be surmised that it

is easier to build such a line on paper
than on the ground. When such a

rate of speed can be obtained, and
steadily maintained over a course of

several hundred miles, we shall have
rapid transit indeed. But until then,

we must look to the flight of birds for

real rapid transit even as our ancestors

did thousands of years ago.

The flying-machine has been steadily

unfolding its wings before the public

during the past decade, but, except in

theory, we seem little nearer the solu-

tion of this problem than before. The
air certainly offers less resistance to

rapid transit than the water, and much
less friction than the iron rails of a

tramway; but unfortunately birds still

guard their secret of balancing them-
selves calmly in the air, and of utilising

every current of wind for motive power.
Should aerial navigation ever become
an established fact, we might find our-

selves, in time, traveling at a speed of

two hundred miles an hour. But,

meanwhile, flying-machine inventors

will be satisfied to travel at the rate of

twenty miles an hour through the air.

Speed at present is no desideratum with

them; they merely seek the power to

float and glide along safely.

With the introduction of steam and
electricity the speed of boats was in-

creased so greatly that the records of

primitive man's canoe and sail-boat are

hardly worthy of consideration. Row-
ing and canoeing had been developed
to their highest point, and even the

powers of the sail were pretty fully

tested and understood, before the era

of steam. But ocean steamers to-day

make all records of speed on the ocean
ridiculous by comparison. The high-

est speed of the steamship Lucania is a

mile in two minutes and thirteen and
four-fifth seconds. Even this is not by
any means the highest speed obtained

by modern inventors. Torpedo boats

make much better time, and average a

speed that would leave the Lucania far

behind in a race. The Russian torpedo
boat Sokol holds the record for fast

travel on the water, having made a mile

in one minute and forty-five seconds.

The bicycle, tandem and motor
wheels have all come in for their share

of record-breaking, and predictions are

freely made that these modern inven-

tions for traveling will make rapid tran-

sit higher on the land than ever before.

But so far the bicycle has only covered
a mile in two minutes and two and two-
fifths of a second standing start, and one
minute and fifty-two and three-fifths sec-

onds with a flying start, while the bicycle

quadruplet has made a mile in one min-
ute and forty -six and three-quarters sec-

onds with a flying start. The motor
bicycle and the horseless carriages have
just entered the field, and it is hardly fair

to give their highest records for compari-
son. In the international race of 1895,
between Paris and Bordeaux, a horse-

less carriage averaged a mile in four

minutes. In a short race, under more
favourable conditions, this speed could
probably be doubled, while further im-
provements may make this vehicle a

formidabe rival of steam and electric

cars.

Record-breaking in fast travel thus

goes on and each year man directs his

energy toward still further progress.
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SAND BLAST APPARATUS FOR CLEANING CASTINGS.

F. C. Brooksbank.

The following- data concerning the use of the sand blast process, appeared first in the shape of a paper,
recently read by Mr. Brooksbank before the Foundrymen's Association at Philadelphia. To this, however,
it has been thought well to add several illustrations of representative sand blast machines which tell their
own story.—The Editor.

THE invention of the sand blast

process by Gen. B. C. Tilgh-

man of Philadelphia, Pa., in the

year 1870, marked the introduction of

an entirely new process into the arts.

In the twenty-five years that have
elapsed since that time, the process has
been in constant use for an increas-

ing number of purposes, and seems
destined to retain a permanent place of

its own in manufacturing operations.

The method, stated shortly, consists

of projecting a stream of sand or other

abrasive powder, usually dry, but some-
times mixed with water, with more or

less force and velocity to strike and pul-

verise the surfaces of glass, stone, metal

and other materials upon which it is di-

rected.

It has been frequently pointed out

that in this invention Mr. Tilghman has

really borrowed or adopted from Nature
herself, inasmuch as he has intensified

and put to use a natural force, of which
the effects are always apparent under
favouring conditions; that is to say,

wherever we find large deposits of loose

sand, exposed to prevalent winds, by
which it is caught up and blown against

any hard substance, such, for example,

as the glass in a window, the surface,

with time, is sensibly roughened and

CLEANING CASTINGS WITH A SAND BLAST APPARATUS.
SAND BLAST CO., LTD., SHEFFIELD, ENGLAND.

AGENTS, BOSTON, MASS., T.

MADE BY THE TILGHMAN PATENT
MESSRS. WARD & NASH,

. S. A.

277



278 CASSIER'S MAGAZINE.

A TILGHMAN SAND BLAST BOTTLE MARKER.

sometimes scored in a manner quite

distinct from ordinary weathering.

The abrasives used in the process in-

clude ordinary inland siliceous sand,

sharp builders' sand, powdered glass,

emery from fine to coarse, chilled iron

sand and steel shot ; and the stream ot

the powders is forcibly projected through
variously formed nozzles by means ot

steam, by currents induced by exhaust
air, by blasts of air, and latterly and
more conveniently by compressed air.

Sand, from its plenteousness and general
suitability, is mostly employed.
The action of the sand blast is not

cutting, not grinding, not abrading in

any of the usual meaning ofthese terms.

It is a true pulverisation by the suc-

cessive impact of the grains of flying

sand. The sand acts much in the same
manner, but on an infinitely reduced
scale, as artillery projectiles in breach-

ing a masonry wall, each independently
of all the rest. In this action it differs

from anything that has preceded it and
it still stands alone. How the sand is

given velocity or how the work is pre-

sented to the blast, are matters ofindiffer-

ence when examining the theory of the

process. As the total action of the

blast is but the summation of the action

of the individual grains, the action ot

the individual grain is to be considered.

If the single grain of the flying sand has

no effect when it strikes the work, then

no other grains will have any, and the

sand blast will be without effect, no
matter how long continued. If, how-
ever, the single grain of sand has any
effect upon the object struck, then the

blast will wear it away often at an ex-

traordinary speed, as the number ot

grains propelled against it is very large,

often as many as 5,000,000 per minute.

Grains of sand have numerous angles,

and the action of these grains, as also

that of the other abrasives mentioned,
upon the surfaces of glass, stone or

metal, is due to the circumstance that

every individual grain in the infinite

number in the incessant stream, urged
violently forward, has all its energy
instantlv arrested, transferred and con-

centrated upon its point in impact,

SAND BLAST FILE SHARPENING MACHINE.
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where it produces a minute pit or de-

pression ; and, as every grain in the

shower acts alike, the abrasion resulting

from the whole is perfectly uniform in

depth and texture or roughness. The
single question, therefore, to be con-

sidered is, does the stress at the point

of impact between the grain of flying

sand and the object struck rise high
enough to overcome the strength of the

latter ?

Three factors determine this :— 1.

The energy in the flying grain ; this

belongs entirely to the strength of the

blast. 2. The area upon which this

energy is expended ; this belongs prin-

cipals to the object struck, although
the shape and size of the sand of the

blast have some effect upon it ; and, 3,

the strength of the object struck, which,

of course, belongs entirely to it.

The energy contained in a single flying

grain of sand is very small, even when
traveling at a very considerable velocity,

but it is the exceedingly small area

upon which this is expended that makes
any cutting by it possible. As an illus-

tration of the above points, take, for

instance, the case of a sand blast using

sand of an average of 1-50 inch in

diameter and propelled by steam of 50
pounds to the square inch, cutting

granite. Such a blast, under these cir-

cumstances, will cut granite rapidly.

Why ? Determining the above factors,

first, such sand grains will weigh on an

average about 0.005 grain and will be
moving at the point of impact with the

stone about 400 feet per second, and
will, therefore, contain about 0.00176
foot-pound of energy. This is cer-

tainly a very small amount, but next,

take the area upon which it is ex-

pended.
The area of first impact can only be

estimated from the following considera-

tions :—If a piece of smooth, hard sub-

stance is scratched with the edge of

a crystal, as, for instance, in ruling

diffraction gratings in which lines are

readily ruled at the rate of 12,000 to

the inch, and we examine them under
the microscope they are seen to be
narrow in comparison to the space
separating them, being themselves

probably not more than 0.00002 inch

broad, and it is upon a rectangle with

a length of side equal to the breadth

of one ofthese lines that the first impact
occurs. This is 0.000,000,000,4 square
inch. And the above determined
0.00176 foot-pound of energy, dis-

tributed upon this area, is at the rate of

440,000 foot-pounds per square inch.

Now, the strongest granite can stand

a quiet crushing strain of only about
1 200 tons per square foot, or at the rate

of about 16,600 pounds to the square

inch. The contest between the stress

developed at the point of impact and
the resistance of the object struck is in

this case overwhelmingly in favour

of the stress developed. The result is

that the granite under the point of the

first impact is crushed and crumbled to

dust, letting the grain of sand progress,

expend its energy and increase the area

of contact until the pressure there falls

below the crushing strength of the gran-

ite ; then the action of that grain is over

and it rebounds from the stone. The
striking edge or point of the grain of

sand is also crushed and contributes to

increasing the area of contact between
it and the granite.

The effect of the above sand blast

when striking a piece of wrought iron

in place of the granite will be that the

iron, 'instead of being pulverised like the

granite, is only indented. The result is

that no metal is removed, but a small

indentation is produced. Other grains,

striking in the immediate vicinity of

this indentation, simply shove the metal

back into it again and obliterate the

effect of the first grain. Thus no effect

is produced, but the surface is simply

roughened by the indentations of the

sand grains. This is the normal effect

of the blast upon all metals. If they

are exposed for a long time to the ac-

tion of the sand, as in a sand blast ma-
chine, metals wear away, because the

surface metal is exhausted by the con-

stant bending, so that it at last breaks.

If the blast is directed upon a piece of

soft rubber, the same action as in the

case of the metal takes place, but in

this case the elasticity of the rubber is

such as to enable it to resume its origi-
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nal shape after the force of the impact
has been expended in deforming it,

and there is no residual effect whatever
upon the rubber, the grain of sand re-

bounding with almost its original

velocity. These three actions and the

combinations of them explain all the

different effects of the sand blast in

cutting and refusing to cut various sub-

stances.

In surface obscuring or ornamenting,

such as in glass work, for which the

sand blast has been more used than for

all other purposes combined, the prob-

lem is entirely different. The effect

wanted is to break the continuity of the

surface struck, and this once obtained,

any further force in the blow of the

sand is wasted, and an exceedingly

great number of light blows is what is

desired. Therefore a very fine sand is

used and a large quantity thrown in

proportion to the propelling jet, which
gives a moderate velocity. So impor-

tant is this adaptation of the size ofsand
to the work that if two exactly similar

machines are taken, one using fine and
the other coarse sand, and both using

the same pressure of either air or steam
to drive the sand and the same size jet,

the machine using fine sand will obscure
three times the work that the machine
using coarse sand will do. But in cut-

ting or perforating glass or stone, the

machine using coarse sand will do three

times the work of the machine using

fine sand. In one case the blows are

too few to break up much surface, and
in the other case they are too light to

do much cutting. Thus, by use of

sand unsuited to the work, the efficiency

of a good machine can be reduced over
60 per cent.

The earliest form of apparatus per-

fected was the high-pressure steam jet

described in the patent of 1870. In

this a small jet of high-pressure steam
of an annular shape escapes into a

larger tube and draws along with

it a current of air through a central

tube, which is surrounded by the annu-
lar steam jet. This entrained current

of air carries with it a large portion of

sand and becomes mixed with escaping
steam and is thrown directly against

the work at a high velocity. The noz-

zle tube is made of hard white iron and
so constructed as to be cheaply and
easily replaceable. This form of jet

for hard, heavy cutting is as efficient in

output of work in proportion to power
used as anything that has been con-

structed since. Its other disadvantages,

however, have caused it to be aban-

doned in favour of other devices of more
modern construction.

Among these were chiefly the wetting

of the sand each time it was used;

clogging of the sand feed pipe if the

drying was imperfectly done; enveloping

the work in a cloud of steam so that the

progress of the work could not be fol-

lowed by the operator; cracking glass

articles by the sudden and unequal ap-

plication of heat to them, and rusting

all articles of iron or steel, subsequent

to the cleaning, by wetting them with

hot water from the condensed steam.

The use of compressed air avoids all

these disadvantages. In spite of all these,

however, this system was used for a long

time to a considerable extent in the stone

trade, among other things doing the

marking of over 100 000 tombstones in

the national cemeteries, cutting down the

whole face of the stone and leaving the

inscription in raised letters, about one-

quarter inch high.

For cleaning metals, however, these

disadvantages have totally prevented

the use of the steam jet. Compressed
air was tried in the same form of jet.

Although it did good work, it did not

succeed practically or commercially on
account of the great expense of provid-

ing a sufficient supply of compressed air

at the pressures required. The small

amount ofwork that a jet of compressed
air, used in one of these old induction

feed steam jets would do was remarka-
ble, and most discouraging in compari-
son with what a jet of steam would do
under the same pressure. The whole
class of induction feed jets would not

work reliably at the lower and more
economical air pressures. They, how-
ever, would work well, cost not con-

sidered, and completely obviated the

faults just referred to of the steam jet.

In a recently designed machine these
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points have been retained and there has

been secured also the full efficiency of

the blast, due to the pressure at which
it is used, unreduced by the admixture
of any dead air carrying the sand with

it, at just the place where the maximum
velocity is desired. This machine uses

air at all pressures, but those about 10

pounds to the square inch are found to

be the most satisfactory. By immer-
sing the whole sand supply in an atmos-
phere of air at the above pressure, con-

tained in a tight reservoir, the advan-
tages of a purely gravity feed are ob-

tained, uncomplicated by any questions

of difference of pressure inside of the

jet tubes and without.

Then, by the use of a flexible tube of

considerable diameter, the sand and air,

in a mixed current, are carried to a

point where they are to be used. Here
the flexible tube is terminated by a hard
chilled iron cone, terminating in a tube

of small diameter. In traversing this

latter portion of its course, the mixed
current of sand and air increases its

velocity inversely as the square of the

diameter of the tube, and is finally dis-

charged from the end of the blast

nozzle at the full velocity due to the

pressure behind it. An air lock ar-

rangement for transferring new supplies

of sand into the sand reservoir, while

still under pressure, and valves for

operating and graduating the air and
sand supply, with a suitable compressor
for furnishing the supply of compressed
air, complete the arrangement. This
machine is comparatively new in the

United States, but has been used to a

considerable extent in England and on
the continent for cleaning scale from
sheet metal and castings and forgings.

The machines are built in different

sizes, and, of course, their output of

work depends strictly upon the amount
of compressed air that they use per

minute. A machine using 60 cubic

feet of air per minute requires 3 indi-

cated horse-power to run the com-
pressor, which furnishes this amount of

air compressed at a pressure of 10

pounds to the square inch.

At this volume and pressure, the work
accomplished on ordinary rolled steel

plates is 1 square foot of scale removed
per minute. Iron plate usually has
thicker scale and requires slightly longer
time. Forgings and castings differ so

much in the nature of their scale, both
from kind and heat of iron, kind of

moulding sand and several other par-

ticulars, that it is impossible to give

any general rate which will be sure to

suit more than the individual case which
is considered. Trial is the only safe

criterion.

The recent improvements and inven-

tions of Mr. Mathewson, manager of

the Tilghman Sand Blast Company, at

Sheffield, England, have given a new
impetus to the use of sand blast for a

great variety of purposes. In metal it

is used for the removal of the hard
scale, so destructive to cutting tools,

from castings and forgings. Among
the applications are the removal of the

scale from sheet iron and steel prior to

enameling, galvanising, nickeling,

tinning, etc. ; the cleaning of tubes and
brazed joints, largely used in bicycle

work ; sharpening the teeth of files
;

for granulating or frosting electroplate,

gilding metal, gold and silversmiths'

work and jewelry ; the reduction to

clean metal surfaces of larger work,

ranging from steel forgings of safes to

armour plates ; on stone, slate and
granite, for incised carving and inscrip-

tions in intaglio or relief ; for cleaning

off the grime from stone, granite and
brick buildings, and, in contrast to this

last, for the most delicate drawing for

lithography.

Among other purposes it is employed
for removing fur and deposits in tubes

and tanks ; for cleaning off accumula-

tions of paint and dirt within iron ships;

for roughening the surfaces of metal

rollers ; for decorating coat and other

buttons ; for granulating glass to give it a

key for ornamental painting by hand ; for

piercing the apertures in glass ventila-

tors; for marking cakes of glue and

cement ; for marking pottery, and in

the manufacture of ornamental tiles; for

smooth-facing bricks to receive white

glass or enamel ; for refacing g rindstones,

emery and corundum wheels ; for gran-

ulating celluloid films for photography.
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and on wood to bring out the grain in

relief.

Another recent improvement in con-
nection with the use of sand blast is the

application of it in connection with
tumbling barrels. These barrels run
very slowly (two or three revolutions

per minute) ; consequently there is little

risk of breaking fragile castings; neither

are the edges of them worn off and
destroyed, as in the case of ordinary
rattling at high speed. The castings

are not cleaned by tumbling, but by
sand blast inserted at one or both ends
of the barrel. The usual time con-
sumed in cleaning a charge of this barrel

The articles to be cleaned are placed upon a grating
inside of the chamber. The operator, standing with
his eyes at the window, and his arms through the
oval-shaped openings in the chamber, grasps a piece
and holds it in the blast a few inches above the open-
ing in the grating. The article is then moved about
so as to bring all parts under the action of the sand.

is from 20 to 30 minutes. The latest

design of this machine is arranged in an
elevation directly over the sand blast

apparatus, which has two flexible tubes

and nozzles. These are inserted into

each end of the barrel, which is enclosed

and provided with an exhaust fan to

carry off the dust. The barrel is per-

forated with small holes, through which
the sand falls through a hopper and
directly back into the sand blast appa-

ratus, thus making it almost entirely

automatic.

There is another application of the

sand blast which is just beginning to

attract the attention that it deserves.

This is in the preparation of metal work
of all kinds for painting as a protection

against corrosion of all kinds, prin-

cipally, of course, in protecting iron

work against the weather. For this

purpose the one necessary condition is

to get a close contact between the

metallic iron and the oil of the paint.

If this is secured, the paint will last

and stick in a manner entirely

unknown in the present ordinary com-
mercial painting of iron structures. If

this absolute contact of paint and
metal is not secured and the thinnest

coat of oxide, either rust or scale, inter-

venes, the painting is in a great meas-

ure useless. The paint, not reaching

the iron, cannot stick to it; it can only

stick to the coat of oxide which it can

reach, and as a result when the coat of

oxide loses its hold on the iron and
drops, the paint comes with it.

The difference between what can and
should be done in the way of protection

of iron by paint and what usually is

done is shown in the case of ship plates,

when, as is sometimes found, the num-
bers and marks painted on the plates in

the rolling mill when the sheets are

perfectly clean, just from the rolls, are

found of the full original thickness of

the plates, while the rest, painted in the

ordinary way, is so much corroded as

to render it necessary to replace the

plate. This degree of protection is

what should always be obtained and
which can be best obtained if iron is

thoroughly cleaned by sand blast imme-
diately before it is painted. The au-

thor will venture to predict that it will

not be a long time before the specifica-

tions of structural iron work to be pro-

tected by paint will usually call for a
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thorough sand blast cleaning immediate-
ly before painting.

Another use for which a large demand
for sand blast work may be predicted

is in boiler making. At present the

sheets, covered with oxide, are placed

together and riveted up. The blows of

the initial strains produced by caulking.

The ordinary method of attempting
to produce a clean metallic surface on
castings, forgings, etc., for these and
other purposes is by pickling. This
process, apart from its numerous well-

known disadvantages, which make all

A SAND BLAST TUMBLING BARREL.

The castings are placed in a slowly rotating- cylinder, supported at its circumference on rollers. The blast
is directed through one or both of the ends of the cylinder against the articles placed in it. The slow rotary
movement given to the cylinder causes the castings to tumble over one another, thus continually bringing
new faces under the action of the blast.

the riveting thoroughly pulverise the

scale on the plates where they lap on
each rivet, leaving a thin layer of pow-
dered scale between the plates, through
the interstices of which steam and water
under pressure will find their way. To
prevent this, the excessive caulking

now used is necessary. If the sheets

were clean, metal to metal, without
foreign substances between them at the

joint, much of the present caulking

would be unnecessary. This would
leave the full strength of the rivets and
plates to withstand the internal pressure

instead of having a large portion of

their strength taken up in withstanding

who have anything to do with it wish

to replace it with some other process,

has a serious effect upon the internal

structure of the iron, as the following

reports of experimental results will

show.
The effect of pickling and rusting on

the strength of iron and steel has been
shown by A. Ledebur of Berlin. Rails,

joists and bars were subjected to various

conditions :— 1. In the condition as de-

livered. 2. After exposure for purpose

of rusting. 3. Galvanised and tested at

once. 4. Galvanised and exposed for a

a time. 5. Pickled in acid and im-

mediately tested. 6. Pickled and kept
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for a time in a dry place. The pickling

was done with sulphuric acid diluted

with water in the proportion of i to ioo.

The samples were tested for transverse,

tensile and compressive strains and under
a falling weight, these experiments
being made on the same sample for

each of the six conditions. The bend-
ing test with wrought iron joists showed
substantially the same for all the con-

ditions ; the maximum loads carried

showed differences, being highest in the

natural condition and lowest when
freshly pickled. Rusting also produces
a diminution of strength, more apparent
in the galvanised specimens than in

those not galvanised. In the instances

where the specimens were broken, the

diminution in strength is said to be
very decided in the pickled and per-

ceptible in the rusted specimens. The
figures are :—Breaking strain under
condition i, 35 tons ; under condition

2, 33.9 tons; under condition 4, 32.7
tons ; under condition 5, 29.6 tons, and
under condition 6, 30 tons. The steel

specimens showed results which follow

the same law.

When iron is placed in acid, some of
it is dissolved and hydrogen is liberated.

This gas is supposed to be of the nature
of metal, and as such it combines with
and forms an alloy with the iron,

which become quite brittle till the iron

is heated and the hydrogen is liberated,

when it regains its tenacity. If a piece

of wire be broken when it has thus

become alloyed with hydrogen, and the
end wetted, the bubbles of gas may be
seen rapidly passing through the water.

This condition of things was observed

.

and investigated by W. Johnson, of

Manchester, and afterward by Prof.

Osborne Reynolds. The latter showed
that if an iron tube be closed at one end
and filled with oil and placed in an acid

solution, hydrogen is liberated from
the outside, which passes through the
wall of the tube, displacing the oil, so
that the gas may thus be easily collected

from the inside of the tube. There is a

possibility, therefore, that when iron is

rusting, the hydrogen liberated may
similarly combine with the iron and
render it brittle or reduce its strength,

and this is a question of much im-

portance to engineers.

Some interesting experiments in re-

gard to the decrease in the strength of

iron after being pickled and galvanised

were recently reported. A dozen eye
bolts, all precisely alike so far as could

be perceived by external inspection,

were carefully selected. Six of these

eye bolts were laid to one side and the

others sent away to be galvanised. A
testing machine was not at hand, but

six bolts were connected together, one
being connected to each of the ungal-

vanised ones. Then they were placed

between two pieces of iron and the nuts

screwed up until the eye bolts broke.

Invariably it was found that the galvan-

ised eye bolts were the ones to break;

not in one instance did the ungalvanised

ones give way. Boat builders also state

that galvanised iron is " rotten." They
say that when great strength is required,

select the iron and have the fittings

forged by a good smith, but do not

have them galvanised. Galvanised iron

is frequently used in places where little

strength is required, but where rust

would be objectionable. For this pur-

pose galvanised iron leaves nothing to

be desired, but where the full strength

of the material is desired and rust stains

are objectionable, the object may be

obtained by cleaning them with the

sand blast process and afterward coat-

ing them by the cold galvanising proc-

ess, both of which methods are becom-
ing well known and largely used for the

above purposes.

The foregoing may be of more or less

interest, but I take it that what more
nearly concerns foundrymen is:

—

'

' Does sand blast pay for foundry use ?
'

'

I say yes. But as I said before, it is

difficult to approximate on general

work. I am safe in saying, however,

that on ordinary iron, steel, brass and
bronze castings one man, operating a

sand blast apparatus consuming 120

cubic feet of air per minute, will clean

more surface and remove more cores in

a given time than is possible for from
six to ten men to do with hammers,
chisels and brushes. And the finished

work left by the sand blast is infinitely
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better than what can possibly be done
by hand labourers. I have proved this

repeatedly. I have never yet seen the

burnt sand or scale that sand
blast would not remove, and remove
rapidly. Not only is it a great saving

in time and labour in the actual cost of

castings, but a further saving is made
in castings to be machined. The re-

moval of the oxide in itself is a great

saving on tools, and in many cases the

tools can be run at an increased speed.

This particularly applies to milling

cutters.

Difficult and intricate cores are readily

removed and have greatly astonished

some engineers. One peculiar thing in

cleaning steel castings in which large

quantities of wire nails are used is the

cores. When subjected to the sand
blast the sand is eaten away first and

subsequently the nails will fall to the
ground, sand blasted, perfectly clean
and in condition to be used over again.

I could give many instances that have
come under my notice of the quick
removal of cores, and will mention one
that was accomplished in five minutes.
This was considered to be a job of from
three to four hours for one man with
hammer and chisel. Quite a number
of people who have adopted the sand
blast recently and who previously used
facings, have discontinued the use of

such, and have assured me that the

sand blast has enabled them to reduce
the cost of their product. In conclusion
I would say that the only objection to

sand blast that can be found to its use
in foundries is that it has an unpleasant
trick of showing up defects and making
them plainly discernible.

CONVEYING-BELTS AND THEIR USE.*

By Thomas Robins, Jr.

*

ABOUT six years ago the writer had
occasion to visit a large magnetic
iron-ore concentrating-plant, and

then saw for the first time rubber
belts used for conveying purposes.

These belts were from 20 inches to 30
inches in width, and some of them were
as long as 500 feet between centres.

When I spoke of the enormous amount
of material they handled with a small

expenditure of power, the superintend-

ent assented, but at the same time com-
plained that although he bought the

best quality of belts, the abrasion of

the ore wore them out very rapidly,

causing continually very large bills for

repairs and renewals.

On close examination several inter-

esting points were discovered:

1 . It was noticed that the thin layer

of rubber which covered the belt re-

sisted the abrasion much longer than

* From a paper read before the American Insti-
tute of Mining Engineers.

did a corresponding thickness of the

cotton duck which formed the body of

the belt ; in fact, the life of the cover

represented about one-half the life of

the belt, although forming less than

one-fifth of the total thickness.

2. Each layer or ply of duck wore
out more quickly than the one preced-

ing it, showing that the fibres were cut

more easily under tension, and, of

course, the tension on each fibre in-

creased as the number of fibres bearing

the tensile strain diminished.

3. The wear was greatest in a line

along the centre of the belt. Frequently

this part would be so quickly destroyed

as to cause the belt to split in two longi-

tudinally, though at the same time the

portion nearer the edges was almost as

good as new.

Noticing these facts, it became ob-

vious that the functions of the cotton

duck should be solely to give the belt

tensile strength, and that it ought to be
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so protected by some abrasion-resisting

cover that it would not be injured by
contact with the material conveyed. It

is also evident that this protecting

cover ought to be of extra thickness

over the centre of the belt, in order to

stand the harder work forced upon that

part. Being engaged then, as now, in

rubber manufacture, it was a simple
matter to make a belt with a heavy
rubber cover on the carrying side and
thicker in the centre than at the edges.

FIG. I. THE OLDEST METHOD OF SUP-
PORTING CONVEYING BELTS.

This reinforced cover renders the re-

sistance to wear equal in all parts of
the belt, and although being merely
the anticipation of a patch, like the
brass toe-cap on the schoolboy's shoe
or the two-ply seat in his trousers, it

was, like them, deemed patentable.
The ideal conveying-belt would be

like the celebrated "one hoss shay,"
which disintegrated so evenly and com-
pletely when its work was done that
there was nothing left to repair or re-

gret.
_

Wishing to ascertain what particular
compound of rubber would make the
most durable carrying-surface, I made
a lot of small samples, each mixed
differently, and exposed them to a very
powerful sand-blast, which in its effect

approximated the conditions to which
the compound would be subjected in

actual use, but it was more convenient
for a large number of tests, being much
quicker. The result of the first series
of experiments indicated what grades
of gum and what adulterants had bet-
ter be left out, and also showed some-
thing that was very gratifying, namely,
that there were certain adulterants
which could be used in sufficient quan-
tities to bring the cost down to a
reasonable figure. I then made a sec-
ond set of samples, following in the

mixture the formula used in the more
successful ones of the first set, but each
new one was an attempt to improve up-
on its prototype.

Some of the samples, owing to more
intelligent methods in mixing them,
proved so durable that the sand-blast

test became too tedious, and a more
severe and expeditious one was needed.
This was found in exposing a disc of

the rubber 6 inches in diameter by y%
of an inch thick to a heavy falling

stream of crushed ore. The ore aver-

aged about y^ of an inch in size, and
was delivered in a compact and heavy
stream from the end of a very fast-

moving belt. The sample was so fast-

ened to a board as to receive the

whole stream of ore and immediately
deflect it. In this way the rubber came
in contact with 200 tons of ore per
hour, of which each fragment was de-

livered with considerable force full upon
it. At first it was easy to see the com-
parative loss of weight after the sample
had been exposed to the ore for an
hour or two. In the next series results

were very apparent after a day's run,

but later, as results were developed
which I was willing to accept as final,

it became necessary to weigh each disc

before and after the exposure, and thus

learn the percentage of loss.

Having at last decided upon the

proper compound for the carrying-sur-

face, I applied it to the belts, and I may

say that every belt made since that

time, which was in 1892, is in good or-

der to-day. In many cases, too, the
belts which they replaced had been
completely destroyed in three months'
time under exactly similar conditions.
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AN APPROVED CONVEYING BELT OUTFIT.

There are tour principal methods ol

supporting conveying-belts. First we
will consider the oldest method, in

which the belt lies flat upon a straight-

faced, horizontal pulley, as shown in

Fig. 1. On account of the liability of

the material to roll off the belt, this

form is suitable only under certain con-

ditions as, for example, in the convey-
ing of grain which is so light that

the resistance of the air makes it

crowd together in the centre of the

belt. The belt can not be heavily

loaded, and the feed must be so regu-

lated that an even amount may be de-

livered to the belt at all times. If the

material is below ^(-inch in size, the

speed may be as high as 300 feet per
minute. In carrying larger stuff on
flat belts the speed must be lower ; but

the most necessary thing is to keep the

belt very tight, so that the material

may not be jarred off in passing over
the idler pulleys. This, of course, in-

creases the strain on the bearings, and
from that fact, together with their low
efficiency compared with systems to be
described later, we may consider flat-

running belts as being out of date.

The second method (Fig. 2) is

somewhat like the first, but with the

addition of skirt-boards at the sides to

increase the capacity of the conveyer.

This method of rigging belt-conveyers

is in great vogue among brick-makers
and others who handle clay. It will be
easily seen that the material must col-

lect between the skirt-boards and the

belt, and that, as it hardens, it will cut

a strip off each side. The common
practice is to start with a wide belt, and
move the skirt-boards in as fast as

these strips are cut off. When the

width is so reduced as to render the

conveyer totally useless, wheelbarrows
are called into play until a new belt

can be procured, and the entire proc-

ess recommenced. This method is so

entirely bad, that I refrain from further

description. It is only fair to say,

however, that the skirt-boards fill one
useful purpose, as it is the practice ol

the men shoveling into the belt to rap

their shovels against the boards in order

to get rid of the sticky clay.

The third method is a slight improve-
ment upon the last, in that a trough is

made by raising the sides of the belt



288 CASSIER'S MAGAZINE.

instead of using boards as described

above. The conical pulleys used for

this purpose are shown in Fig. 3.

This method has an obvious fault.

By reason of the difference between the

two diameters, the outer edge of the

FIG. 3. CONICAL SIDE IDLERS.

pulley goes twice as fast as the inner

edge. This causes a slip which soon
wears out the under surface of the belt.

For belts not wider than 14 inches this

form is not bad, for, with small belts,

the weight on the pulleys is light, and
the effect ofthe slipping is consequently

less severe.

The fourth, and best form of belt-

support, is composed of three pulleys,

one carrying the middle or bottom of

the belt, and one on each side with its

axis at an angle of about 45 . The
shafts of all three pulleys are held in a

pair of combination bearings which can

angle-pulleys, one common form of

which is shown in Fig. 4.

There has been no mention hitherto

of the means of supporting the empty
part of the belt on its return. This is

done by a single fiat pulley of the kind
shown in Fig. 1, or with a pair of

smaller pulleys with an interval between
them, as shown in the lower part of

Fig. 4.

It is sometimes possible to save

money in constructing a long conveyer
by combining the first and last methods
of belt-support referred to. If the belt

were run fiat the whole distance, it

would need to be so wide that the extra

cost of the belt would be about equal to

the money saved in using the cheaper

fiat form of pulleys ; but by placing a

set of troughing pulleys between every

be adjusted to different widths of belt.

I never supply any other form of sup-

port for belts wider than 14 inches, and
when I refer to troughed belts in this

paper, it is to be understood that the

sides are raised by means of these

fourth and fifth set of flat pulleys, or at

such other interval as may be found
advisable, the load is so centred on the

belt at each of these points that it has

no time to overflow before it is again

centred between the next pair. The
use of a very wide belt thus becomes
unnecessary, but the conditions are not

always favourable to this plan.

On some conveyers, it is often advis-

able to have, at intervals, a pair of

idlers, running on a vertical axis, or

inclined inward, so as to make a right

angle with the edge of the belt. These
will serve to keep the belt straight on
the pulleys if there is any tendency to

run toward one side, but with a good
belt and strong, true supports, these

extra pulleys are not needed. (See
Fig. 6.)

The large pulleys at the end of the
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belt should be slightly crowned on the

face, and the pulleys should not be less

than 4 inches wider than the belt. The
driving-pulley ought never to be less

than 30 inches in diameter, and in the

case of long wide belts 48 inches is

advisable, as it allows the first return

pulleys to be so placed as to give the

belt a very large arc of contact on the

driving-pulley. (See Fig. 7.)

Whenever it is possible, it is better

to have the driving-pulley at the deliv-

FIG. 6. METHOD OF FIG. 4, WITH GUIDE
PULLEYS ADDED.

ering end of the belt ; but, if it must be

at the receiving end, a triple set of pul-

leys connected by gears can be easily

arranged which renders slipping impos-

sible with the longest and heaviest

loads. I believe that this scheme was
first used by Mr. S. H. Edwards,
Superintendent of the Magnetic Iron-

Ore Co., at Benson Mines, New York.

(See Fig. 8.)

The proper distance between the sets

of idler pulleys is an important factor

in the economical running of the belt.

I believe that the troughing-pulleys

should be from 4 to 6 feet apart, accord-

ing to the weight of the load, and that

for the return belt there should be pul-

leys placed under every alternate set ot

troughing-pulleys, which would make
the lower pulleys from 8 to 12 feet

apart.

To me, one of the most wonderful

things in connection with this subject is

the exceedingly small amount of power
required to move enormous quantities

of material. The power required, in

one case, to run a conveyer, which car-

ries 1000 tons per day a distance of

180 feet, and elevates it 40 feet while

doing so, is all transmitted by a torn

and frayed little 5-inch belt, which
takes its power from a pulley on the

shaft, and transmits it to a pulley along-

side the head-pulley of the belt. The
power is here divided, part of it going
over a sprocket- chain to help drive a
large dumping-apparatus. Yet the en-

tire amount of power employed for both
purposes does not exceed four horse-

power.
I would like very much to give

some rule for determining the exact
number of horse-power required for

conveying-belts running under different

conditions, but I find it impossible,

owing to the number of variable quan-
tities which make up the load. One of

the most important of these points is

based upon the distance between the

sets of troughing-pulleys. If they are

too far apart the belt sags down be-

tween, which materially increases the
load. If, on the other hand, the idlers

are too near together, the extra num-
ber of bearings makes another sort of

resistance to be overcome. No general

rule can, therefore, be made by which
the required horse-power can be accu-

rately determined.

It is a simple matter to determine
the necessary belt-weight and speed
to perform certain duty when the

weight per cubic foot of material is

FIG. 7. RETURN IDLER.

known. If the belt is troughed, it is

safe to estimate that the load itself will

cover one-half of the belt's total width,

and that the depth in the centre will

be one- quarter of its own width. The
area in inches of a cross-section of the

load (which we may consider an in-

verted triangle) will, when multiplied
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by 12, give the number of cubic inches

of material borne by the belt on each

running foot of its surface. Multiply

this result by some estimated speed, to

get the quantity in cubic inches that

the belt will deliver per minute, and

then reduce this to the number of feet,

yards, pounds or tons delivered per

hour, or to other convenient terms.

(See Fig. 9.)

For example :—To find the number

of tons ofmaterial weighing 100 pounds
per cubic foot that can be delivered by
a 24-inch belt running 250 feet per
minute :

—
hpAs the belt is 24 inches wide we may
safely consider the load as being a

triangle standing on its apex and hav-

belt 250 times 216 cubic inches, or

54,000 cubic inches per minute. This

is equal to 31^ cubic feet per minute,

or 1875 cubic feet per hour, weighing

187,500 pounds, or about 93 tons per

hour.

To save some of the steps referred to

above, the following formula may be
used. If we let A = width of belt,

t, A 5

then — = number of cubic inches
8

carried on each running foot of the

belt. If a belt is run fiat it will carry

A 2

about one-third as much, or — . It is

8

well to remember that when the width

of a belt is doubled, it will carry four

times as much material, and when it is

tripled it will carry nine times as much.
The following table will be found of

service in determining the capacity of

conveyer- belts. In regard to this table

I wish to say that the results shown are

based upon a continuous and even de-

livery of fine material to the belt. As
this is often unattainable in practice, it

is well to prepare for uneven and large

pieces and for irregular feed by allow-

ing a margin in either belt- width or

speed, the two factors which govern the

capacity of the belt. The widths of

belting in most common use are 22, 24
and 26 inches, and the average speed is

about 300 per minute. I am inclined

to favour higher speeds, especially for

elevating at an angle, as it requires less

power to lift a small sized load at a

high speed than the same amount of

stuff per hour in a larger sized load at

a low speed. A good speed for level

ing a base 12 inches wide and a height

of 3 inches. Therefore, the area of its

cross-section will be 18 inches, and
there will be, 18X12 — 216 cubic

inches on each foot of the belt. As
the speed is 250 feet per minute, there

will be delivered from the end of the

work is 450 feet per minute ; at an
angle, 650 feet is not at all too fast

;

and I have seen belts working smoothly
at 900 feet per minute and at an angle
of 27 degrees. Such speed as this,

however, is hard on both the belt and
idlers.
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Having decided upon the proper
width of belting for the duty to be per-

formed the next points to be settled are

the proper thickness for the belt and
for its protecting cover. The necessary

number of plies depends upon the

length and width of the belt, the

giving all the advantages of a heavier
belt but at a lower cost. (See Fig.

10, B.)

At the point where a belt receives its

load, it gets as much wear as it meets
with in all the rest of its journey. A
few points should be borne in mind in

Table Showing the Number of Cubic Feet of Material Delivered in an Hour by Different

Widths of Troughed Conveying-Belts Traveling at Various Speeds.

Width of
Belt

in inches.

Speed, Per Minute, in Feet is Shown in the Line Next Below This.

187.5
255-2

333-3
412.8
520.8

630.2
75o.o

8S0.2

1020.0

1170.1

1333-3
1505-2

1687.5

150. 200.

281.2 375.0
382.8 510.4
500.0 666.6

619.2 825.6
781.2 1041.6

945.3 1260.4
1125.0 1500.0

1320.3 1760.4

1530.0 2040.0

1755.0 2340.2
2000.0 2666.6

2257.8 3010.4
2531-2 3375-o

650.

468.7
638.0

833-3
1032.0
1302.0

1575-5
1875.0
2200.5
2550.0
2925.2

765.6

1238.4
1562.4
1890.6
2250.0
2640.6
3060.0

3510.3
4000.0
45I5-6

5062.5

1165.5

1444.8
1822.8

2205.7
2625.0

3080.

7

3570.0
4095-3
4666.5
5268.2

5906.2

1333-2
1651.2 1857.6 2064.0
2083.2 2343.7 2604.0 2864.4
2520.8 2835.

g

3151.0 3466.1
3000.0 3375.0 3375.0 4125.0
3520.8 3g6o.g 4401.0 4841.

1

4080.0 4590.0 5100.0 5610.0
4680.4 5265.4 5850.5 6435.5
5333.2 6000.0 6666.5 7333.1
6020.8 6773.4 7526.0 8278.6

6750.0 7593.7 8437.5 9281.2

3781.2
4500.0
5281.2
6120.0
7020.

6

8000.0

9031.2
10125.0

4096.3
4875.0
5721-3
6630.0

7613-9
8666.6

9783.8
[0968.7

4411.4
5250.0
6161.4

7140.0
8190.7

9333-1
10536.4
11812.5

4726.5
5625.0
6601.5

7650.0

8775-7

9997-5
11289.0
12655.2

weight of the load and the distance be-

tween the sets of idler pulleys. The
common practice is to use 4, 5, and 6-

ply belts.

The thickness of the rubber cover

should be based upon the character of

the stuff to be carried. For hard mate-
rial, weighing over 50 pounds per

cubic foot, the cover should not be less

than }l inch in thickness. With the

patent reinforced cover referred to

above, it is possible to have this thick-

ness at the centre where it is needed,

allowing it to taper off to tV inch or }i
inch at the sides where the work is

lighter. This, of course, makes the

cost lower than if the same thickness

of cover extended the whole width of

the belt. The belt with the reinforced

cover referred to is shown in Fig. 10,

A. There is now an improved form
of this belt which combines the advan-
tages of this thickened cover with stiff-

ened edges which make the belt bend
properly at the centre and preserve its

troughed shape between the sets of id-

ler pulleys and also give it such firmness

at the edge that a mere touch against

the steering idlers serves to keep it

running true. This stiffening is done
by running two or three plies of duck
a part of the way in from the edges,

connection with this part of the con-

veyer. The material should not be
allowed to drop vertically upon the

belt, but should instead be so guided
by an interposed chute as to strike it

with as nearly as possible the same
speed and, of course, in the same direc-

tion as that of the belt itself. This is

much the same principle as that which
causes a man who wishes to board a

fast moving car to run along a few feet

before jumping upon the step, except

that in the former case it is the wear-

and-tear upon the vehicle or belt which
is avoided instead of injury to the pas-

senger.

If ore or rock is carried, there is

bound to be wear wherever it touches.

It is well, therefore, if it has to fall any
distance, to let its force be broken by
striking first against an accumulated
pile of itself and then roll off on to a

chute, whence it may slide quietly upon
the belt and not move until it reaches

the end of its journey. Fig. 11 shows
the device in use at the N. J. and Penn.
Concentrating Works, at Edison, New
Jersey.

The chute should be made of cast-

iron with sides, and should be so wide
that the ore or other metal cannot get

iammed. The objection to a wooden
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chute is that the broken stone or ore

does not slide properly upon it, but

runs down in a succession of jumps,
that are apt to carry it over the side of

the chute or off the belt.

A device is shown in Fig. 12 for

loading a belt under a crusher, from
which falls both coarse and fine stuff.

The upper incline represents a grizzly

or screen of iron bars which allows

nothing larger than i-inch to go
through. The small stuff slides down
the lower chute, and forms a bed on
the belt to protect it from the impact ot

the heavier pieces.

There are many ways of joining the

ends of carrying-belts, the most com-
mon being by the use of metal belt

hooks consisting of a set of teeth cast

together with a metal back. These
have to be destroyed if the belt needs

taking up, and a better plan is shown
in Fig. 13. The thin steel plates are

laid upon a strip of thin leather or can-

vas which covers the opening in the

belt and thus prevent leakage. Staples

are driven through the holes in the

plate and clinched. In breaking the

joint the staples are easily cut with a

cold chisel, but the plates themselves

can be used an indefinite number oi

times.

The simplest method of lubricating

the bearings is by means of compression

grease cups which are dust proof and
very economical. They are screwed

into the ends of hollow shafts and a

man without stopping can give the

handles a turn as he walks along the

belt, and this only has to be done once
a day at most. Grease costing about
four cents a pound is generally used.

Some of the purposes for which con-

veying- belts are used are the carrying

of trap- rock and limestone in stone-

crushing plants, charcoal and ashes in

sugar-refineries, ore in concentrating-

FIG. 12 COMBINATION OF GRIZZLY AND BELT.

plants and mines, earth and stone in

large excavations, blocks and logs of

wood in pulp-mills, clay in brick-yards,

coal in breakers, yards, large power-
plants and culm- piles, tobacco in proc-

ess of manufacture, customers' pack-

ages in large retail stores, grain in

elevators and flour-mills, boxed goods
in coffee-mills, phosphate-ore in the

southern mines and chemical fertiliser

in plants all over the country. These

FIG. 13 JOINING ENDS OF CONVEYING BELTS.

are only a part of their uses, but the

list of other purposes for which, though
not employed, they are equally suited,

and must some day be applied, would
be a very much larger one.



CONVEYING BELTS. 293

Belts generally cost less to install

than any link-belt or other metal con-

veyer, and the cost of maintenance is

so much less that there is simply no
comparison between them. In addition

to this, they run noiselessly, instead ot

making a perpetual and deafening

racket, and no owner's ears can become
oblivious to a banging and crashing

of which every vibration means wear
and depreciation, as well as loss ot

power.
You may say, "If this belt method

of conveying is all that this man claims,

why hav'n't we heard more about it?

Why isn't it used more widely? " My
answer is this :—The various systems
of sprocket-chain, metal pan, trough
and screw conveyers and the over-

head cable systems have all been owned
by manufacturing concerns who make
them known by advertising, undertake
their construction and installation, and
guarantee them. As to conveying-

belts, no fundamental patents on the

principle could be secured ; and because

a belt conveyer is composed of two
parts which are about equal in value

and the products of entirely separate

kinds of manufacture (I refer to, first,

the iron pulleys and other supporting

parts, and second, to the belt itself),

no iron man felt like pushing the sale

of a conveyer, when he knew that

some rubber manufacturer would share

equally in the profits, and the rubber
man would, doubtless, have felt the

same if, with his less extensive knowl-
edge of machinery, the thought ever

occurred to him at all.

And so, between them, the belt con-

veyer has been neglected except where
its merits compelled the recognition ot

a few wide-awake and self-reliant en-

gineers. It has been the property ot

no one. Nobody's living depended
upon its exploitation. It was to the

interest of no one to stand sponsor for

it ; to develop, push it and perfect it.

There are no data published about it.

and each man who uses it to-day is

practically the inventor of his own ap-
paratus, which he has brought to its

present state only after an expensive
and vexatious experience. If an en-

gineer to-day has a conveying-problem
to solve and the thought of a belt oc-

curs to him, immediately after come the

questions :—What kind of a belt ?

What width ? How should it be run?
On what? At what speed? Where
can I find out? Being unable to an-

swer any of these questions, and not
caring to try experiments, his natural

inclination is to state his needs to the

well-known manufacturers of conveying
apparatus to make a contract with one
of them, thereby shifting the responsi-

bility as soon as possible. The load of

responsibility is apparently charged tor

along with the apparatus, but even the

high price of the latter contains no sug-

gestion of the great and continual ex-

pense incurred in running and keeping
it in order.

I do not wish to appear as condemn-
ing universally the use ot all metal
conveyers, for there are, indeed, some
conditions for which they are better

suited than are belt-conveyers. I may
mention, for instance, places where the

point of delivery must be constantly

and quickly changed. With iron con-

veyers this is accomplished by the re-

moval of a section of the iron trough,

while a belt requires a movable frame-

work containing two pulleys. This
dumping apparatus can be moved to

any point in the belt's length, but it is

neither as cheap in construction nor as

quick in operation as the plan adopted
with metal conveyers.

Nor do I condemn the great ingen-

uity which has made possible even the

poor performance, by metal conveyers,

of duties for which by their very nature

they are unfitted. I only want to show
that there are many places where other

conveyers are now used for which belts

could be substituted with economy.



THE FUTURE OF POWER DEVELOPMENT.
By George S. Strong.

THE following article has seemed
to the writer as desirable to

call attention to what are to

be our future power supplies and to

correct the many false impressions in

the mind of the public as to what are

original sources of power and what are

merely means of storing or transmitting

power after it is generated. A large

majority of people who are not engin-

eers have an idea that electricity is

power, or a source of power supply,

and we find the same impression re-

garding compressed air. For illustra-

tion, nearly a page of one of the daily

newspapers was recently devoted to

compressed air, with the heading,
" Electricity's New Rival in the Field.

As the Magnetic Spark has Driven
Steam from the Ground, Compressed
Air has Entered the List to Battle for

Popularity.
'

'

There could not be anything more
misleading. Electricity has not driven,

and is not driving, steam from the field,
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but has greatly added to its use, and
is entirely dependent on steam or some
other original source of power for its

existence. One of the best illustrations

of the sources of power at the command
of the human race, was given in a

paper read by Sir William Thompson,
the celebrated English scientist, before

the British Association, at Manchester,
in 1 88 1, in which he classified the avail-

able powers as water power, wind
power, steam, gas or heat engines, de-

riving their power from the burning of

coal or the gases derived from coal,

tidal energy and animal power. All

of these, except tidal energy, are de-

rived originally from the heat of the

sun.

Water, owing to the isolated location

of many large water powers and to the

cost of harnessing and conducting it

long distances, is probably not so likely

to play a great part in the future of in-

dustrial enterprises. This is borne out

by the facts in connection with the de-

velopment of power at Niagara, where
the investment in proportion to the

horse-power developed has been so

great as to make the use of this power
for large enterprises prohibitive as

compared with power developed at or

near the coal mines of Pennsylvania,

Ohio and other parts of the United
States, for example, where coal is found
in large deposits and over a very wide
area. *

Next on Sir William Thompson's
list comes wind power. This, in the

* With reference to this statement by Mr. Strong
it seems only proper to call attention to the fact
that two great industries,—the making of alumin-
ium and ot carborundum,—havebecome located at
Niagara Falls and are supplied with power from
the famous installation there. This is all the more
noteworthy because of their previous location at
Pittsburgh, in Pennsylvania, in the heart of the
cheap American coal district. With coal at 60 cents
a ton in Pittsburgh, so it is stated on good au-
thority, their electric current cost them nearly
three times what they are now paying at Niagara
Falls.—The Editor."



THE FUTURE OF POWER DEVELOPMENT. 295

early ages, played a very important

part and, as pointed out by him, was,

in 1 88 1, still playing an important

part, as at that time nearly three-quar-

ters of the commerce of the world was
handled in sailing ships, and he pre-

dicted that in the not very distant

future, when the coal fields of England
and other parts of Europe would be ex-

hausted, large wind engines, driving

electrical generators, would be used,

which would store their energy in bat-

teries, to be drawn on at will. But,

at present, the wind engine, like the

development of large water powers,

makes the cost of the power so devel-

oped expensive for large uses. It has,

however, the advantage over water
power of being everywhere at command
if a sufficient elevation be reached.

Next comes steam, gas or heat en-

gines. The steam engine has been
man's best friend and will, doubtless,

continue to hold its own for many
years to come for many purposes, and
to those who have given much thought
to, and are thoroughly familiar with,

the situation, the many articles that

have appeared in the daily press as to

steam being superseded for driving

long distance express trains, seem ridic-

ulous. In the first place, there is not

an electrical generating plant for power
purposes to-day in operation that is

generating a horse-power in regular

work on two pounds of coal per horse-

power per hour,—not to say that a

first-class steam engine cannot be made
to do better when a full load is given
at all times, but on a varying load the

consumption of coal will be nearer four

pounds than two. Then comes the

loss due to transmission and conversion
of electricity into power. The same
may be said of compressed air, and in

neither case will an average of more
than 60 per cent, of the power of

the original engine be delivered on the
shaft of the secondary motor at the end
of the wire or pipe.

The best compound locomotive, on
the other hand, working steam from a
modern wide fire-box boiler, or where
a sufficient grate area is provided to

enable the engine to steam freely with

a large exhaust, can be made to work
down very close to, and, indeed, in-

side of, two pounds of good coal, and
here the power is delivered directly to

the axle and there are no losses, ex-

cept those incidental to all steam en-

gines with unequal loads. The one
great advantage claimed for the electric

locomotive over the steam locomotive,

was an even pull on the draw-bar, and
an even pressure on the rail, but recent

improvements in the locomotive have
obviated this difficulty, and afford the

possibility of a perfectly even pressure

on the rail, and a perfectly even pull on
the draw-bar, and a boiler so con-

structed as to burn all of the gases and
do away with all the smoke and cinders,

so that it would be as pleasant to

ride behind such a locomotive as it

would be behind an electric locomo-
tive.

Considered from an economical stand-

point, the cost of an electrical locomo-

tive of 1500 H.-P. would be about

$50,000 (,£10,000); the generators to

drive it would cost $30,000 (,£6000),
and the wiring of the track with an
underground system would cost $30,-
000 (,£$6000) per mile. Assuming
therefore, that we have 100 miles of

road, and require four tracks to be
wired, the wiring would cost $12,000,-

000 (,£2,400,000); one hundred elec-

tric locomotives would cost $5,000,000

(,£1,000,000), the generators $3,000,-

000 (,£600,000), engines $3,000,000

(,£600,000) and boilers $3,000,000

(,£600,000), or a total of $26,000,000

(,£5,200,000), to handle modern fast

express and freight trains over 100

miles of road, as against one hundred
balanced compound locomotives at

$12,000 (,£2400) each, or $1,200,000

(,£240,000) as compared with $26,000,-

000 (,£5,200,000).
If the electrical locomotives are fur-

nished free coal, a railroad company
could not afford to own them and pay
the interest of $1,320,000 (^264,000)
per year on the investment, while if

each of the compound locomotives

made an average of 400 miles a day for

365 days in the year, and used eight

tons of coal at $3 (12 shillings) per
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ton, the coal would cost but $876,000
0£i75,2oo).

Assuming, as we may from past ex-

perience, that electrical power plants

cannot be depended upon to produce
better results in regular railroad work
than they have done in street car serv-

ice, we should have to expect to burn
more than the same quantity of coal

in the electrical plants than in the

steam locomotives, so that we should

have the $1,320,000 (,£264,000) plus

at least $876,000 (,£175,200), or $2,-

196,000 (^439,200), as the cost of in-

terest and fuel for the electric plant

and $72,000 (,£14,500) plus $876,000
G£i75> 2oo), or $948,000 (,£189,600),
as interest and cost of fuel for com-
pound steam locomotives.

Taking gas engines, which derive

their energy from coal or other carbon
gases or from hydro-carbon gas, we
open up a comparatively new field, for

while the gas engine has been known
and used for many years in a small

way, and with remarkably good results

as far as economy goes, it is only since

a short time that its merits have been
fully appreciated. It is now, with the

introduction of new methods of gas
production, by the use of by-product-
saving appliances that go far towards
paying the original cost of the fuel,

and thus reducing the cost of the fuel

gas to a very low figure, doing much
to solve the problem of cheap and
effective power.

As these gases are low in illu-

minating qualities, they are very much
better suited to give the highest effi-

ciency in the gas engine. Another
gas that has recently been discovered
has remarkable qualities under com-
pression and can be reduced in volume
400 times at 800 pounds and when ex-

panded will burn with twenty times its

volume of air, requiring only 0.4 of a

pound of it when compressed to de-

velop one horse-power per hour.

Each cubic foot of it at this pressure
weighs 30 pounds and, therefore, con-
tains 75 H.-P. hours, being the great-

est storage of energy ever known for a

given weight.

This opens a wonderful field for

the development of power for mo-
tors for tram-cars and other classes of

motor vehicles, as well as pleasure

boats. Gas engines, working with

this new fuel gas, are likely to have a

very large use in all stationary work
and for propelling boats, and it may
not be beyond the bounds of possibility

to drive ocean steamers and locomo-
tives of the future by gas engines. It

is especially suited to the generation

of electricity, particularly when the

electric plant is located at inaccessible

points where it cannot be reached by
boat or rail and where coal would have
to be carted and from which ashes

would have to be removed.
The gas producer can be located at

the railroad or on the water front and
a not very expensive pipe line run to

the power plant, the gas travelling with-

out cost except interest on the pipe

line. The water for cooling the

jackets of the gas engines can be used
over and over again, and with proper
arrangements for cooling the water,

only a small quantity would be required,

while the steam engine needs a large

quantity for condensing.

A ton of soft coal will produce 125,-

000 cubic feet of gas of 160 heat units,

about 45 feet of which will produce a

horse-power in a properly designed
and well constructed gas engine, or

about 2777 H.-P. hours for each 2240
pounds of coal. At the same time,

about 90 to 100 pounds of sulphate of

ammonia are recovered from this coal,

which, at present, is worth about $50
(,£10) per ton, which, after paying all

the cost of operating the producing
plant and making the gas, yields about
one cent (^d.

)
per pound. The gas

from blast furnaces can also be used
and is found to give wonderfully good
results, considering its poor quality.

Recent discoveries in mechanical

power transmission have made it pos-

sible to run a gas engine at full speed

in one direction and vary the speed of

the driven shaft from zero to full speed in

either direction without frictional gearing

and without appreciable loss of power.

This makes the gas engine applicable to

any purpose to which the steam engine
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is suited and makes it especially suit-

able for boats, street cars and motor
waggons.

Recent improvements in the con-

struction of pumps have also made it

possible for a pump to be run at the

same speed as the piston of a gas en-

gine, or from 600 to 1000 feet per

minute and permit the direct connec-

tion of the connecting rods of the en-

gine with the pump. This makes the

gas engine, with such a pump, the

most economical pumping engine yet

devised, and while 135,000,000 foot-

pounds is about the limit of the steam
pumping engine, the gas engine is

likely to give over 200,000,000 duty.

Considerable has been said and writ-

ten about the combination of the gas

engine with electricity for driving

trains, as against the steam locomotive.

This involves the introduction of the

losses by electrical transmission above
mentioned and the original cost of the

electrical equipment and does away
with the advantage of independent
units of power, which has been the one
cause of the return to the compressed
air idea. It is altogether more prob-

able that the gas engine will be used
direct as a locomotive, commencing
with the smaller motors for tram-cars

and motor waggons, and gradually grow
in favour as its utility is demonstrated,
until the full-fledged railway locomotive
is developed, carrying its gas producer
on a tender, entirely automatic in its

operation.

The fireman, as such, will be done
away with and become the engineer's

assistant in oiling and looking after the

operation of the machinery. This will

bring the coal consumption per horse-

power per hour from about 5 down to

about ]/% lb. of a pound, and it will be
done without adding greatly to the

present first cost. For street car

work, compressed gas with the gas en-

gine makes it possible to run a car 750
miles with one charge and at a cost of

less than one-third what it now costs to

run the same car by electric motor, or

one-third what it is likely to cost for

the compressed air motor.
With the introduction of this gas

motor applied to properly designed
cars or coaches, the necessity for the

track with its consequent blocking
owing to a single line of travel, disap-

pears. With smooth pavements and
rubber tires the track would not be
required; and with independent busses

or cars running without tracks, if an
obstruction is met, it can be gone
around and the journey continued
without delay. The injury to streets,

owing to the laying of tracks that are a

continual menace to ordinary vehicles,

can, too, be avoided.

As to the last named source of

power, aside from animal power,—tidal

energy,—this is not likely ever to be
used to any great extent in many
places, because of insufficient rise and
fall to make tidal locks of much use.

As to animal power, it has had its day
and for all large uses, as well as for

the ordinary business of cities, the

horse will soon disappear except for

pleasure.



SOME FUEL PROBLEMS
By Joseph D. Weeks.

,HE primary prob-

lems of civilisa-

tion are material

ones; their an-

swers are writ in

fire. When these

problems in their

higher aspects

have pressed for

solution, it has

been out of the

b u r n i n g bush
that the Divine

voice has spoken,

"iir - or in the cloud

and smoke that

the Divine finger

has traced the rules by which these

problems shall be solved. It is with the

material problems, however, that we,

as engineers, have to deal.

It is by fire that these problems are

solved. With a marvellous insight into

the secrets of power the Greeks made
Prometheus, who stole fire from heaven

to bestow it upon mortals, the author

of civilisation. In the words which

^Eschylus makes him utter as he lay

bound on Caucasus, " All arts among
the human race are from Prometheus,"
and it is from the " bright play of fire

that all arts spring." In this myth is

thinly veiled the origin of the mechanic
arts, and is dimly suggested the part

fire has played in their development.

The myth also foreshadows the triumph

of civilisation, by the aid of fire, over

the forces of nature, for there should

one day be invented a flame more potent

than lightning, before whose power
Jupiter himself "should fall dishon-

oured."
On the part that fire has played in

civilisation we need not long dwell.

* From a presidential address delivered before
the American Institute of Mining Engineers.
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For most of the centuries, indeed, up
to the day when boiling water told its

secret of power to Watt, its use was
chiefly its primary one, to heat and
light, and not its secondary one as a

source of power. Its chemical effect

and some of its direct mechanical uses

were known, as well as its calorific

effects. It cooked the food, but it did

not drive the plow nor swing the scythe,

nor thresh the grain, nor grind the

meal; it smelted the ores, but it did

not drive the blast; it heated the iron,

but it was the brawny arm of the smith

or the force of the falling water that

hammered it into shape, while even as

in Prometheus' time the land was still

traversed "with steeds in cars obedient

to the rein," and the " canvas-winged
chariots of the mariner" still roamed
over the ocean. In a word, while fire

gave heat and light, the sources of

power through all these centuries were
muscle and wind, and falling water.

It is not these primary, but the sec-

ondary and even more remote effects of

fire that have caused civilisation to move
with a quicker step. While all the

marvellous effects of fire, which have
been for ages the possession of human-
ity still remain as among its greatest

endowments, it is as a source of power
that fire in the last hundred years has

been of such inestimable value. The
beginning of its era of power was Watt'

s

invention of the steam engine, for which
the first patent is but one hundred and
thirteen years old. The science of

thermo-dynamics, based on the prin-

ciple of the conservation of energy, one
of the most important advances ever

made in scientific knowledge, was cre-

ated as late as the years 1845 to 1855.

Even what we have learned in the cen-

tury just closing as to the power of fire

is as nothing to the stupendous power
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of this agent that shall yet be revealed.

It is quite needless to say that as back
of this power is heat, and back of the

heat fire, so back of the fire is fuel, and
that for the civilised world fuel is but
another name for mineral or fossil coal,

and that for us the fuel question con-

cerns itself chiefly with the possession,

production and uses of coal.

There are other fuels than mineral
coal, as petroleum and natural gas and
the vegetable fuels. Indeed, the fuel

question in England at one time, and
not many years ago, especially in the

iron trade, was a question of charcoal;

but for furnishing the world's heat and
doing the world's work none of these

other fuels cut any figure except in re-

stricted localities.

There are also other sources of pow-
er, as light, and wind, and water-flow,

and muscle, and were these as willing,

as constant and as untiring and tractable

servants as heat from fuel, the power
that could be derived from these natural

forces is so vast that the problem of

power would be solved; but there are

night and clouds to stop the work of

the light; the wind is fitful; it does not

always rain, and muscle tires; but night

and day, in storm and calm, in dry and
wet, and at the end of the longest and
weariest day, fire from coal will always

answer the demand for power. Nor
can we yet call into play that limitless

power we call "solar energy," of which
we know so much, with which now we
can do so little. In our present impot-

ence, coal is mightier to do our work
than even this source of all power. The
power problems to-day, then, are fuel

problems, and fuel is mineral coal.

The world has a vast store of this

mineral fuel—coal. How much, no one
knows. But, vast as are these stores,

the consumption in certain countries

has been so great that nations have
affrightedly asked to know how long

the supplies would last. In England
the question was discussed by such au-

thorities as Sir William Armstrong be-

fore the British Association, Mr. Jevons
in his work on The Coal Question, and
in Parliament by John Stuart Mill and
Mr. Gladstone. As the result of these

discussions, the alarm over the probable

exhaustion, in the not distant future, of

its coal supplies was so marked that a

royal commission was organised, who,
arguing from several premises, estimated

the duration of the supply at various

periods, from two hundred and seventy-

six years to over twelve hundred years.

But the consumption of coal in Great

Britain has increased at a rate much in

excess of that upon which the lowest

estimate of the royal commission was
based. In 1780, about the time the

steam engine was invented, it was some
6,500,000 gross tons a year. It had
arisen to 27,000,000 tons in 1816; to

50,875,000 tons in 1850; to 84,042,698
tons in i860; to 112,875,525 tons in

1870; to 146,969,469 tons in 1880; to

181,614,288 tons in 1890, and to 188,-

277>5 2 5 gross tons (210,870,828 net

tons) in 1894. The result of the dis-

cussions on the subject of the duration

of the coal supply of Great Britain was
the conclusion that if the output in-

creases in the same ratio as it has for

twenty or thirty years, the coal will be

exhausted in a little over a century.

These estimates are now regarded as

excessive, as it is conceded that there

is in each nation a limit to industrial

development which, without consider-

ing the great economies in the use of

fuel, will also limit the expansion of coal

production. M. Gruener places this

limit for England at 250,000,000 tons,

which supposes a mining population of

a million miners and a working popula-

tion of five millions.

In the United States the production

of coal has been increasing in a much
greater ratio than in Great Britain. We
cannot go back to the eighteenth cen-

tury and give figures of production of

coal, nor is that necessary in order to

indicate how enormous has been the

increase in its production and consump-
tion in the United States. At the tenth

census, 1880, the production of coal in

the United States is reported at 7 1 , 48 1 ,

-

570 net tons; at the eleventh census,

1889, it had risen to 141,229,513 net

tons, nearly double; and in 1893, ac-

cording to the report of Mr. E. W.
Parker, of the United States Geological
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Survey, it was 182,352,774 net tons,

an increase of more than two and one-

half times in thirteen years, doubling
about every five years.

Similar increases could be shown for

the other great coal producing coun-
tries, as Belgium, Germany, Austria,

France and Russia. The world's de-

mands for heat and power are increasing

marvellously, while the world's supply

of coal is a definite quantity, and it is

an evident proposition that with the

exhaustion of its coal not only will the

power and influence of a nation decline

but even its existence may be imperiled.

The fuel problem, therefore, is not only

an industrial one, but a political and
politico-economical one of the greatest

importance.

As the amount of coal in the earth's

strata is a fixed definite quantity, in dis-

cussing the fuel problem we cannot pro-

ceed on the assumption of an increase

in this quantity. We may discover

deposits of which now we have no
knowledge; but this does not add to

the world's coal supply, but only to our

knowledge of where that supply is

stored. Some coal may still be form-

ing in peat bogs; but the amount so

being formed or that will be permitted

to develop into coal will hardly be
worth considering. It is evident, there-

fore, that an increase in the actual quan-
tity of coal stored in the earth is not a

factor of the fuel problem.

It is possible, as has been suggested,

that other sources of power, and even
of heat, such as chemical action and
solar energy, especially the latter, may
be, and no doubt will be, largely uti-

lised in the future; but these are ques-

tions it is not within my purpose to dis-

cuss, and the day when these and other

sources of power will be largely used
will be when the supply of coal is very
much reduced and its value very much
increased.

As, therefore, we can expect no in-

crease in the amount of the world's sup-

ply of coal, the fuel problem is to in-

crease the efficiency of that we have, to

make each ton of coal that remains in

the hills do a much greater amount of

work than it now does. In a word, the

fuel problem is to reduce the waste and
increase the efficiency of the coal we
possess.

This problem divides itself into three

distinct parts—that is, problems con-

nected with,

—

1. The mining of coal and its prep-

aration for market.

2. The use of coal.

3. The products of the coal other
than heat.

These problems all concern waste.

First, as to the problems relative to

mining the coal and preparing it for

market:— It is estimated that as the

result of the coal mining of the last fifty

years not more than 30 per cent, of the

coal remaining in the veins worked has

on the average been won and laid down
at the point of consumption or use.

This loss of 70 per cent, does not of

course include the loss due to geologi-

cal causes, and especially to erosive

agencies that have cut so deeply and
so wastefully into the coal originally de-

posited in the coal fields. So great is

this geological waste that Professor

Lesley estimates that not over 1 per

cent, of the coal originally deposited in

the great Pittsburg bed still remains,

and yet he declares this bed, robbed as

it has been, to be the most valuable de-

posit of coal in the world. In the later

years of this half century the waste has

not been so great; but when all things

are considered the estimated loss in

mining of 70 per cent, of the coal re-

maining in the strata is not excessive.

As to the causes of this waste and the

methods by which it may be reduced
but little remains to be said, at least so

far as relates to anthracite coal in the

United States since the publication of

the Report of the Pennsylvania Com-
missioners on Waste of Coal Mining, of

which commission Eckley B. Coxe was
chairman. Mr. Coxe points out that

there are two classes of waste in coal

mining:

—

1

.

That which is absolutely necessary

and cannot be avoided.

2. That which may be diminished or

done away with.

The unavoidable waste is defined to

be that portion of the coal that must be
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left in the mine for various purposes.

It does not follow, however, that what
is to-day termed unavoidable waste is

absolutely unavoidable. It may be,

with our present knowledge, but what
this term "unavoidable waste," really

means, in many cases, is simply that

under present conditions, or under the

engineering adopted, it is regarded as

most economical to leave this coal in

the mine. It is left to maintain the

workings, the slopes, shafts, gangways,
etc., to support the surface, to make
the floor and roof, to keep the water
from the lower levels and save the ex-

pense of pumping; in a word, to keep
the mine safe, and in a condition that it

can be worked economically. Condi-
tions, appliances, and methods, may so

change, beyond question will so change,

that what is economical to-day, may be
most wasteful to-morrow. The history

of mining shows this.

Just what is the loss from this so-

called unavoidable waste in mining at

the present time is difficult to ascertain.

In some instances, it is not 10 per cent.

;

in others, as high as 50 per cent. , or

more. This refers to the veins actually

worked and to those portions that are

worked, and not to those that are in

whole or in part regarded as not work-
able. If this unavoidable waste average
20 per cent, of the amount of coal left,

the loss from this source in the United
States, in 1893, was 36,470,555 net

tons, and on the production of Great
Britain, in 1894, it was 42, 174, 166 net

tons. If the waste for fifty years is con-
sidered, the amount will be enormous.

This unavoidable waste can be re-

duced. It is being reduced as the re-

sults of the application of engineering
skill. When the day comes that the

near exhaustion of coal will be a thing

of to-morrow, and not of a century, it

will be found that a waste that is now
called unavoidable will then be termed
criminal. As to the avoidable waste in

mining. This is largely due to:

—

1. Miscalculations as to the amount
of coal that must be left for the pillars,

etc.

2. The leaving of large amounts of

coal unmined in a vein.

3. Imperfect work on the part of the
miner.

The loss of coal from miscalculations

or bad engineering of the mine is enor-
mous. Pillars may be too large and
the coal wasted; or, too small, and the

pillars crush and shut off the coal be-

yond. It is not unusual to leave un-
mined a part of a vein that is either

under or above a slate, and which may
not be quite so pure as that mined.
The waste from this source is enormous.
There are mines in the Pittsburg region

where, with seventy-one and one-half

inches of coal, but thirty-two inches of

clean coal and the bearing-in coal of

four inches are mined; thirty-six inches

out of seventy-one and one-half inches

are left untouched, a loss of thirty-

five and one-half inches; practically,

one-half of the coal is left in the

mine, besides the waste in mining. This
custom is not at all uncommon. The
miner may do his work very unskilfully

in bringing down the coal, in loading
and other ways to which I need but
refer at this time. How can this waste
be avoided ?

It cannot be entirely avoided, but it

can be still further decreased by just the

methods by which it has already been
largely reduced. Mechanical means,
instead of the coal itself, can be used for

supporting the roof and surface; gob-
bing up will often give a much larger

percentage of coal; better engineering

of the collieries will give better methods
and less waste. All of the vein can be
mined, even if a portion of it is inferior,

and many methods can be greatly im-

proved.

Secondly, as to the problems con-

nected with the use of coal. It is esti-

mated that not to exceed ten per cent,

of the possible energy in coal is utilised;

indeed, 5 per cent, is the amount most
frequently named. Some of this loss is

unavoidable, and will ever be so until

we have solved that greatest of all mod-
ern industrial problems, how to obtain

energy direct from coal. But much of

this waste is avoidable, and to reduce
this avoidable waste is the fuel problem
in connection with the use of coal.

What has been done in reducing this
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waste in the last ioo years is simply as-

tonishing, and what is of especial inter-

est is that many of the improvements
and processes that have been introduced

into the arts within this time have been
the results of attempts to diminish this

waste of fuel. The story of many of

these inventions, could they have been
told by a Stevenson, would have given

us new Arabian Nights tales more mar-
vellous than those he did tell. What
marvels have been performed by the

genii Watt unloosed from the boiling

kettle! The gas Murdoch told men
how to use is a veritable Aladdin's

lamp, and the stories of the wonders of

Neilson's hot blast and Bessemer'

s

fiery converter and Siemen's furnace

of the heat cycle and many others are

marvellous beyond belief.

Fuel in the arts has at least a three-

fold use. i. As a simple heat agent.

2. As an agent of chemical changes.

3. As a source of power or better

energy.

We have no complete estimate of the

consumption of coal for various pur-

poses in the United States, but the royal

coal commission, in 1871, and Mr. Price

Williams, in 1889, made very careful

estimates of the distribution of coal con-

sumption for Great Britain. I had
hoped to have obtained an approximate
estimate of the consumption of coal for

various purposes in the United States,

but so far have failed. The estimate of

the royal commission is as follows:

—

Consumption of Cecil for Different Pur-
poses in Great Britain—Coal Commis-
sion Estimate, 1871— Tons of 224.0

Pounds.

Uses. Tons.

Iron - -_ 32,446,606
Power and general manufacturing 25,327,213
Domestic 18,481,527
Gas and water 7,811,980
Mining and collieries 7,225,423
Steam .. . - 3,277,562
Railroads .. _ 2,027,500
Smelting other than iron .. 859,231
.Miscellaneous 195,045

97,652,087

Percentages for Various Uses.

Per Cent.

Metals and mines 44
Domestic, including gas and water 26
General manufacturing 25
Locomotion by land and sea 5

Consumption of Coal for Different Pur-
poses in Great Britain— Williams'1

Estimate, i88g.

Per Cent,
Production of steam power, including
collieries 30.30

Manufacture of pig-iron and metallurgy 17.26
Navigation _ 8.66
Railways, including fixed engines 3.98
Water-works and miscellaneous ._ 1.40
Domestic use. . __ 17.44
Export __ 15.09

It is impossible at this time to dis-

tribute this consumption even approxi-
mately into the three uses, heating,

chemical and power, but it will be seen
readily that by far the larger consump-
tion is for power and in iron manufact-
ure. It would seem from an inspec-

tion of these two estimates that from 60
to 70 per cent, of the coal consumed is

for power, and for iron and steel manu-
facture.

What economies have been wrought
in these industries in the past 100 or

150 years?

In engines since the days of the New-
comen engine the duty of 94 pounds of

coal has increased from 7,450,000 foot-

pounds to 140,000,000 foot-pounds,

—

the highest duty of Mr. Leavitt's pump-
ing engine at Louisville,—and the

pounds of coal per indicated horse-

power decreased from 26.6 pounds to

1.33 pounds, an increase in duty of

twenty times, and a reduction in coal,

of course, of one-twentieth.

The following table shows what has
been done in detail:

—

Duty of Cornish Engines.
Duty in Foot- Pounds of
Pounds per Coal per

Bushel (94 Pounds) I. H. P.
(Estimated).

26.6Newcomen
Smeaton _ _

Watt, 1800
Lean's report, 1815 _

Lean's report, 1827 .

Lean's report, 1834 .

Lean's report, 1840 .

of Coal.
7,000,000

10,000,

20,000.

52,300,

67,000,

98,000,

107,000.

Highest duty of Mr. Leavitt s pumping engine
at Louisville, 140,000,000 per 100 pounds of Poca-
hontas coal. Pounds of coal per indicated horse-
power, 1.33.

As to the reduction of waste in iron

and steel manufacture, I need only men-
tion Neilson's hot-blast, the Bessemer
or pneumatic process, the Siemen's re-

generator. One example of the reduc-

tion in the use of coal in iron manufact-
ure must suffice. In 1828 Neilson
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invented the hot-blast, which Mushet
said "ranks with the invention of cotton

spinning." At the Clyde Iron Works
in 1829 for a six months' run the aver-

age coal consumption per ton of pig

with cold-blast was 8 tons, 1 hundred-
weight, 1 quarter; for six months in

1830 at the same furnace with the same
blowing engine the consumption with

hot-blast was 2 tons, 5 hundredweight,
1 quarter. To-day we are making pig-

iron with a ton of coke, or 1^ tons of

coal to a ton of pig. This indicates

what has been done in the arts in reduc-

ing fuel consumption.
But modern practice has not reached

the limits of economy. If we get but
10 per cent, of the available energy out

of our coal there must be a vast field for-

the exercise of engineering skill in re-

ducing this enormous waste of go per
cent. Sir William Armstrong states

that without carrying economy to ex-

treme limits all the effects now realised

from the use of coal could be obtained

by an expenditure of half the quan-
tity.

In what direction are we to seek for

the answers to the problems connected
with the use of coal ? I can only briefly

indicate them. They are:

—

1. A more perfect combustion; that

is, from the same amount of fuel more
heat units must be developed.

2. Improved appliances for saving
this heat and transmuting it into en-

ergy. Not only must these increased

heat units do more work, but each in-

dividual heat unit must directly develop
more energy.

3. Recuperation of so-called exhaust-

ed energy; that is, the heat must con-
tinue at work until the actual limit of

exhaustion has been reached.

The use of gases instead of solid fuel

is an example of the first direction in

which we are to look for the answers to

the problems connected with the use
of coal. The improvements in the
steam engine noted above are examples
of the second class, and the Siemen's
regenerator and compound engines of

the third.

Thirdly. The saving of fuel products
other than heat.

As has been pointed out, it is as a

source of heat and power that fuel, that

is coal, is most useful to the world. But
it has been learned that there is locked
up in this fuel a marvellous series of

products which for their beauty, their

wonder, their sweetness, their use, are

unexcelled, and the end of the story of

these products is not yet.

To indicate what these products are,

I need but name the brilliant coal tar

dyes, those contributions of untold value

to the healing art as phenacetin and
antipyrine, many of the modern per-

fumes and essences, and saccharine,

sweeter than cane sugar.

While the discovery and character of

these products are the fairy tales of

science, and while the products them-
selves are of untold value to mankind,
there are fuel products other than heat

and power and other than these coal

tar products that in amount and value

far exceed these dyes and medicines
and perfumes. The chief of these are

the tars themselves from which are de-

rived the light and heavy oils, the cre-

osotes and benzoles, the ammonia
from which we get that most valuable

of all fertilisers, sulphate of ammonia,
upon which the exhausted fields of the

country must depend for their renewal
of power. From the nitrogen of this

fuel, we may also obtain that most
poisonous of drugs and yet that valu-

able agent in gold extraction, cyanide
of potassium.

The amount of these products con-

tained in every ton of coal and the con-

sequent amount that we are every year

throwing into the air as waste, aggre-

gates an amount almost beyond belief.

In every ton of coal coked in the United
States, it is fair to assume that from
any of the by-product coke ovens, there

can be produced at least 3 per cent, of

tar worth one-third of a cent per pound;
1 per cent, of sulphate of ammonia
worth 3 cents a pound; one-half of 1

per cent, of benzole worth 2 cents a

pound, and one pound cyanide of potas-

sium worth 50 cents per pound. As in

1893, 14,916,147 tons of coal were
coked in the United States, the possible

production and value at present prices
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of these products would have been as

follows :—
Materials. PouS' Value

-

Tar... 596,645,880 $1,988,820
Sulphate of ammonia.. 298,322,940 8,949,688
Benzole 149,161,470 2,983,229
Cyanide of potassium.. 14,916,147 7,458,073

The above products, however, are

only those from the 15,000,000 of tons

of coal coked in one year. What about

the value of the by-products of the 113,-

000,000 tons of coal not coked? How
many tons of tar and ammonia and
benzole and cyanide could be saved

from this amount of coal ? The amount
of ammonia would be something enor-

mous, though the tar and benzole, if

the coal was properly burned into gas

before it was applied to heating pur-

poses as it should be, would not be so

great as when the coal is coked. The
Mond circular producer, which I saw
at work a year ago in England on
Yorkshire coal, gave 48 kilos (105
pounds) of sulphate of ammonia per

ton of coal charged, and 80 to 90
pounds was the regular yield.

Let us recapitulate. Of the coal still

remaining in the seams worked, not

more than 30 per cent, on the average
in the last fifty years has been won;
that is, 70 per cent, has been lost.

The percentage of the possible energy
of coal utilised to-day does not exceed
10 per cent, if it reaches 5 per cent.

;

that is, but 10 per cent, of the 30 per
cent, of the coal won in our veins, or

but 3 per cent, of the possible energy
imprisoned in the coal in our hills is

ever released for useful work.
The value of this lost energy must

every year, in the United States alone,

reach hundreds of millions of dollars.

A low estimate of the value of by-
products per ton of coal burned would
be 50 cents. This would be $64,000,-
000 on the coal mined in 1893. For
an age that prates so loudly of its

economics, this is a sorry showing.
Is there not in this fuel question a

problem that demands most earnest

work from engineers, and in which there

is for the miner and manufacturer un-
told wealth?

THE USE OF POWER HAMMERS.

By G. H. Scranton.

POWER hammers are to-day occu-

pying a very important position

in the list of tools required for

the production of work in an economi-
cal manner, and also where a superior

quality of forging is desired. They are

known under several names, such as

trip hammers, helve hammers, dead
stroke hammers, spring hammers, etc.

,

but the general term power hammer is

given to all quick-stroke hammers, run
by a belt direct from a shaft, to define

them from those run by any other

means, such as steam, compressed air

or electricity.

For over twenty-five years mechanics
have been improving the design and

construction, until to-day hammers
manufactured even ten years ago can-

not find a place in a well equipped forge

shop, although hammers of ancient de-

sign may occasionally be found still

running in some out-of-the-way place

where the proprietors have failed to avail

themselves of the opportunity to econo-

mise, either from lack of capital or enter-

prise. The illustration on the opposite

page will give an idea of the manner in

which workers of metals in olden times

may have constructed a hammer, and
hammers can be found even now which
do not differ materially in principle from
this. There are many manufacturers
to-day, who could greatly reduce the
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AN OLD-TIME POWER HAMMER.

cost of their production were they fa-

miliar with the results to be derived
from the proper use of a power ham-
mer, and it is to these particularly that

this brief article is addressed.

In file work the power hammer is the

only tool which has proved satisfactory

for tapering and tanging the blanks as

the file is not only formed into the prop-
er shape, ready for grinding, but the

material is greatly improved by the
hammering. The same may be said of

INOTHER FORM OF ANCIENT DATE.
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the manufacture of knife blades, chisels,

and all classes of tools into which the

refining of the stock enters as an
essential feature.

For ordinary forging where it is re-

quired only to form the stock into cer-

tain shapes, a power hammer is abso-

lutely necessary, especially where many
pieces of the same shape are needed.

The hammer will not only produce the

work much more rapidly, but much
more uniform in shape, thus saving ex-

pense in labour, fuel and the machining
after it is forged. In this class may be
numbered manufacturers of carriage

irons, bicycle forgings, bicycle tubing,

agricultural implements, bridges and
structural iron work, machinery, fire-

arms and the like.

A power hammer is of great value as

an auxiliary to a drop hammer in form-

ing the metal into proper shape to be
placed into the drop dies by drawing
or flattening a certain part which, if

done entirely in the drop, would re-

quire an extra heat, another set of drop
dies, and much more time.

It is the aim of manufacturers of

power hammers to produce a rapid, ac-

curate and heavy blow with as small an
expenditure of power as possible, and
to so construct the machine that the

concussion, caused by the dies coming-

together, will not granulate the part or

cause the metal to break. The strain

created by this concussion is great, and it

is, therefore, requisite that the material

should be the most suitable for the pur-

pose, and the workmanship first-class

in every respect. It has been noticed

repeatedly that work coming from the

forge shop to the grinding or milling

machines varied perceptibly in its di-

mensions. This represents not only

cost of extra labour in reducing it to

desired gauges, but also a waste of

stock, and is a fault which could be
eliminated by the use of suitable dies in

a power hammer. Bicycle work is a

good illustration of this, as the quality

and uniformity of the work are primary
features with which the manufacturer
has to contend, and imperfection in

either is fatal.

The hammering of the more precious

metals after they have been formed into

bars, will reduce the possibility of their

cracking under heat, which is so dis-

tressing to the smith. A hammer may
be used to advantage in pointing tubing

so that the workman may grasp it with

his tongs and the reduced points enable

him to start it in the rolls.

Not an unimportant line in which the

power hammer is used is that of beating

gold, silver and aluminium into sheets,

as a quick uniform stroke is obtained,

of much greater force than is possible

for a man to exert with his arm, and
with less injury to the moulds.



ELECTRIC FIRE PUMPS FOR MILLS.

By Charles L. Newcomb, M. E.

THE independent protection of mill

property from the ravages of

fire has always held a prominent
place in the consideration of fire risks.

This interest is due first, probably, to

the great value represented in the ex-

tensive structures and the expensive

machinery contained in them ; second,

to the danger of fire being generated
by the machinery or by various neces-

sary supplies ; third, because, often

from considerations of shipping facili-

ties or power, the location is distant

from a public fire department ; fourth,

there is usually such an abundant sup-

ply of power that great reliance may
be placed upon it to assist, if not to

supplant, all other protection.

Partly from the individual interest of

owners, and more prominently from
their combined interest, as represented

by mutual mill insurance companies,
rapid strides have been made in adopt-

ing new fire fighting appliances and a

stimulus has been given to the perfect-

ing of such devices. But this is not

the age in which to say that for this

reason a resting place has been reached.

A system may be pronounced excellent

and the best thing possible simply be-

cause it is the best that has yet been
found. But it is liable at any time to

be made second best and, therefore,

open to criticism by the advent of some
new discovery.

A good power pump, connected with

the mill shafting, affords a certain

amount of protection. The possibility

that this shafting may be disabled by
fire, creates a demand for a steam
pump in its place or as an auxiliary.

A steam pump in a -separate building
was suggested in order to lessen the

probability that the machine itself might
fall an early victim to the fire. To hold
a supply of water in reserve, if the

pumps should fail to start or should

stop working, the elevated tank was
provided. Certainly, independent
pumps, isolated pump buildings and
storage tanks were advances, but the

pump still depended for its power upon
a steam plant located in the mill. In

fact, fires frequently originate in the

boiler room, and the boilers are almost
immediately disabled.

The risk due to delays in discover-

ing the fire and in the starting of the

pumps was lessened by the application

of the automatic sprinkler system. To
the isolated steam pump has also been
added, in due time, an independent
quick-steaming boiler. But in the vari-

ous plans thus briefly outlined there

are obvious weaknesses. The auto-

matic supply is of limited duration, and
all other forces, thus far examined, re-

quire personal attention and more or

less time in their application.

What might be termed an ideal plant

would be a pump of ample capacity,

located at a safe distance from the mill,

capable of starting automatically, and
driven by a power entirely independent
of the mill. Much of this has remained
as an ideal only, until the rapid exten-

sion of electric lighting and electric

power brought an ideal power practical-

ly within the reach of all. The steps

necessary to apply this recent acquisi-

tion to the fire protection system of a

mill are few and simple, and it seems
most fitting that the mysterious cur-

rent which has been charged with set-

ting many fires, should now be com-
pelled to assist in their subjugation.

The elements entering into the com-
bination which will transform the energy
of the electric current, taken from some
convenient line, into an abundant, per-

sistent current of water through the

piping of a mill are these :—An electric

307
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motor, connected through a suitable

switch with the electric line ; a power
pump, connected with the motor ; a

sprinkler system, connected with the

pump ; and a pressure regulator in

connection with the pipe system, and
controlling the movements of the elec-

tric switch. All these parts, except

the piping, may be placed in a suitable

building at a safe distance from the

mill.

Under normal conditions all outlets

in the pipe system are closed ; the

pipes are filled with water under a given

pressure, determined by the setting of

the regulator ; this regulator holds the

electric switch open, and the motor and
the pump are at rest. Upon the start-

ing of a fire, one or more sprinkler

heads open under the influence of the

heat, the water pressure falls slightly,

the regulator responds to this change,

closes the switch, starts the motor and
pump, and the necessary water supply
is maintained. Any excess of supply

over demand will at once raise the

pressure, act upon the regulator and
stop the pump. Slight fluctuations in

pressure may be compensated for by
connecting an ordinary pressure tank

with the pipe system.

In addition to the pipe connections

upon the pump there may be suitable

hose fittings from which direct fire

streams may be taken when required.

Small demands upon the pump will be
met by its starting and stopping at in-

tervals, while the use of more openings

may require its continuous action. It

is evident that the ordinary, as well as

the fire, supply may be drawn from this

source.

The various parts in this electric

pumping plant are all of simple con-
struction. No untried principle is in-

volved. There is no expensive delay
in the early movements of the fire, and
nothing is left for adjustment during
the excitement.

That there are more separate ele-

ments in the automatic electric plant

than in the appliances which have pre-

ceded it does not necessarily imply that

there is greater complication. If the

complication were greater, it might well

be justified on the ground that it ac-

complished much greater results. But
the increase in elements seems to be
somewhat on the principle that a faucet

has more parts than a bung. It is also

a better device, as it contains, in itself,

both the bung and the bung-hole and
convenient means of connecting the

two. The electric fire pump is not

only bung and bung-hole, but an inex-

haustible barrel as well.

The electric supply can now be so
easily obtained, it can be so readily ap-

plied for power purposes and the new
features can be so cheaply added to ex-

isting systems, that unquestionably the

advances which electricity has brought
in modes of communication, travel and
lighting, must be soon followed by cor-

responding improvements in methods-
of fire protection.

CHARLES FRANCIS BRUSH.

IT
was of Mr. Brush that Gambetta
remarked, as he saw the command-
ing figure of the great American

inventor at the Paris Exposition in

1881, " I do not know which to ad-

mire most,—his extraordinary mental
talents or his magnificent physique,"—
a remark suggestive alike of his splen-

did achievements in the field of applied

electricity and of his striking person-

ality.

Mr. Brush may justly be considered

the father of the electric arc lighting

industry of the world,—an industry in.

which there are now invested many-
hundred millions of dollars,—but in

other branches of electricity his name
has become quite as well known. A.
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tireless spirit of industry and a special

bent toward physical and chemical in-

vestigations have kept him for years
engrossed in labours that have resulted

in pecuniary and scientific profit of a

decided character.

Mr. Brush was born in 1849 near the
city of Cleveland, in Ohio, and in 1864
he entered the Cleveland High School
from which he graduated with high
honours three years later. During all

this time he was busy with experiments
in mechanical devices of all kinds.

Even at this early date his attention

was directed to electrical phenomena
and it is a peculiar thing that during
his high school days one of his first in-

ventions was a device for turning gas
on the street lamps, lighting it and then
turning it off again by electricity. He
also became greatly interested in photo-
graphic experiments and was among the
first to do dry plate work, until then an
almost unknown process. Chemistry
was, however, his chief delight, and he
made rapid strides in this branch of

science. During his senior year, the

physical and chemical apparatus of the

school having been placed entirely un-
der young Brush's charge, he produced
his first electric arc light with a lamp
and battery of his own construction.

The subject of his graduating oration

was " The Conservation of Force," in

which the young inventor traced the

chemical energy of the sun's light

through the vegetation of the car-

boniferous period to the coal subse-

quently formed therefrom, thence to

the heat of combustion in the furnace

of the steam boiler, thence to mechan-
ical power and the electric current pro-

duced thereby and finally the evolution

of the electric light.

Mr. Brush next entered the Univer-
sity of Michigan, where, in 1869, he
was graduated with the degree of min-
ing engineer, one year in advance of

the rest of his class. He then returned
to Cleveland and organised a labora-

tory, where for three years he con-

ducted the business of an analytical and
consulting chemist.

In the spring of 1873 Mr. Brush
formed a partnership with C. E. Bing-

ham for the purpose of handling and
marketing iron and iron ore. He still

continued his electrical investigations,

however, and in 1876 completed his

first dynamo electric machine. This
machine was of a distinctly new type
and marked the first of a long series of

brilliant inventions which have made
Mr. Brush's name famous throughout
the world.

In 1877 Mr. Brush withdrew from
his partnership with Mr. Bingham and
thereafter devoted his entire attention

to electrical invention. He also made
a contract at that time with the Tele-

graph Supply Company, of Cleveland,

by the terms of which that company
undertook the manufacture and sale of

his inventions, paying him a royalty on
all apparatus thus made. In 1881 the

name of the company was changed to

the Brush Electric Company, with

largely increased capital. Early in

1877 Mr. Brush invented and con-

structed his first commercial arc lamp,

which was exhibited with one of his

new dynamos at the Franklin Institute

at Philadelphia, where both pieces of

apparatus carried off all the honours
against the best known lamps and
dynamos of that period.

But it was his invention of the famous
series arc lamp having a regulating

shunt circuit of high resistance which
first made commercial arc lighting from
central stations possible. On this in-

vention are based all the arc light sys-

tem in use throughout the world.

Among Mr. Brush's other inventions

of early date may be mentioned his

copper-plated carbons for arc lights,

many millions of which are now used

monthly; his automatic cut-out for arc

lamps, now universally used in various

forms, and almost indispensable; his

compound series-shunt winding for

dynamo-electric machines, now very

generally used for lighting by incandes-

cence, and in power transmission, and
his multiple carbon arc lamp for all night

burning.

It has long been the rule that the

genius which conceived the great in-

ventions for the amelioration and im-

provement of human needs have been
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but lightly rewarded. Mr. Brush is

fortunately an exception to this rule,

and while the laxity of American patent

laws has worked against him as against

nearly all the great inventors of the

country, he has been fortunate in the

sale of patents .abroad. In 1880 he
sold many of his early patents to a

London company, formed for the pur-

pose of exploiting them and known as

the Anglo-American Brush Electric

Light Corporation, Limited, from which
he received emoluments amounting to

about $500,000—a price for patents at

that time almost unprecedented. From
that time Mr. Brush's wealth rapidly

increased until he has become one of

the wealthiest as well as one of the most
distinguished of Cleveland's citizens.

Success has crowned all the efforts of

this thoroughly typical American. His
researches have enriched and benefited

the entire civilised world and it is a

pleasure to record that he has reached
both honour and pecuniary reward.

Mr. Brush is a member of many en-

gineering societies. At his graduation

the University of Michigan conferred

upon him the degree of M.E. ; in 1880
the Western Reserve University in-

vested him with the degree of Ph. D.

;

and in 1881, in connection with the

Electrical Exposition held in Paris, the

French government, in honour of his

distinguished inventions and con-

tributions to the world of science,

decorated him Chevalier of the Legion
of Honour.

THE STORAGE BATTERY FOR CENTRAL STATIONS.

By Arthur E. Childs.

THE object of this paper is to bring

before the Institute the main
facts and considerations concern-

ing the application of accumulators in

electric generating stations both for light

and power. The fact that storage bat-

teries have reached a point of high
efficiency and low cost of maintenance
has stirred up engineers in the United
States to consider the application of

storage batteries to their own plants,

and thus the accumulator has assumed
great importance at the present time,

especially as power and light stations

are so far developed that further increase

in generating capacity means large addi-

tional expenditure, and in a great many
cases the rebuilding of the entire plant.

Realising, therefore, that storage bat-

teries are eminently practical as auxili-

aries, and that their utility and value

are acknowledged throughout Europe,
it is not surprising that engineers and
managers in the United States are in-

quiring about them with the end in view

* Prom a paper read before theAmerican Insti-
tute of Electrical Engineers.

of securing the full measure of their ad-

vantages and benefits. In England and
on the Continent, storage batteries have
been used in central stations for more
than five years, and the success of their

application has brought about a great

change of feeling regarding them, and
the respect with which they are now re-

garded is an ample indication of the

value they have been to managers in the

operation of their stations.

It is an acknowledged fact that the

great variations and fluctuations of the

load on power circuits, especially those

power circuits supplying trolley lines,

are among the greatest difficulties which
engineers have to contend against, and
any appliances which will aid them to

arrive at a satisfactory running of their

station is looked upon with favour by
them. It is only in the ranks of those

short-sighted engineers, where ignor-

ance and prejudice are the rule rather

than the exception, that there are found

men who will refuse to consider the

storage battery as an auxiliary.

In this paper the term "variation"
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is used to designate the change of cur-

rent induced by the adding of lights on
to a lighting station, or the cars or

motors on to a power station. The
term "fluctuation" is used to indicate

those rapid and necessary changes of

current taking place on the outside line,

due to stopping or starting of cars or

throwing on or off of stationary motors.

Although they may be thus differen-

tiated, they bear a certain relation to

each other, and in applying a storage

battery, a study of the conditions will

quickly indicate the type of battery

which will be more favourable in each
case. By the "type" of battery is

meant the slow discharge battery for a

long period of service, or the rapid dis-

charge battery for a few hours, or even
less time of discharge.

In the lighting station, if we bear in

mind the usual form of curve, it will be
remembered that the instantaneous

changes of current are minute and al-

most imperceptible compared with the

steady increase or diminution of the

total current of the station. Comparing
the lighting curve with the usual form
of power station curve, it will be noticed

that the instantaneous changes of cur-

rent are enormous compared with that

in the lighting station curve. There is

a similarity in the two curves in the fact

that at certain hours of the day more
cars are operated than at other hours,

thus producing a general rise in the

level of the power curve corresponding
to throwing on of a number of lights in

the lighting curve.

It is not the purpose of this paper to

discuss the characteristics of the two
curves, but to consider in a general

way the application of storage batteries

to the wiping out of the fluctuations

and variations as they come upon the

dynamos and engines. The introduc-

tion of a storage battery into a central

station acts in a certain sense as a buffer

between the external load and the dy-

namos, taking the shock of the varia-

tions without throwing the same on the

engines. In this regard they have the

effect of reducing the average percent-

age variation in load on the dynamo
from a large amount to a very small one,

making the operation of the machines
more efficient. In fact, a storage battery

acts as a regulator in this instance,

maintaining, as it does, a constant

voltage at the switchboard. This in-

troduces the question of the efficiency

of engines with varying loads ; and,

leaving out of account the reports by
engine builders, who are naturally in-

terested parties, it is a fact that not

many extended and careful investiga-

tions of efficiency under varying loads

have been carried out. Professor W.
C. Unwin, of the Central Institution, at

South Kensington, has shown, how-
ever, that a decrease of mechanical
efficiency has a serious effect on the

economy of working with a variable

load, and with a load varying from ioo

per cent, to 25 per cent., the efficiency

decreases from 85 per cent, to 40 per

cent.

As applied to power stations, and
especially where water power is used,

storage batteries are almost indispens-

able. The writer knows of several

plants where the successful mainte-

nance of a constant voltage on the ma-
chines is dependent upon the fact that

an attendant sits by the governors of

the wheels, and regulates them by
hand, as the inertia of the water, even

when the best water-wheel governor
that has ever been produced is em-
ployed, is too great to allow the turbines

to pick up or throw off the load with

anything like the quickness with which
it is thrown on or off by the outside

circuit. The stations in mind are not

small stations, as might be supposed at

first thought, but are stations where
several thousand horse-power and over

are generated at certain hours of the

day ; and it is surprising that engi-

neers of intelligence, who are usually

quick to perceive the advantages of

new applications, are still allowing

their prejudices to prevent them from

investigating the merits and value ot

accumulators as regulating governors

in their stations.

In the application of storage batteries

to the power station of a trolley system,

it is not unusual to find the variation in

load as much as fifty per cent, below
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the average horse-power, and even as

great as 200 per cent, above the mean
load. These enormous fluctuations

take place in the course of a few min-
utes, and are an expense to the rail-

road companies in at least three ways.
In the first instance, they require the

use of a dynamo capacity very much in

excess of that required where the sta-

tion is operated at a constant load. In

the second instance, these fluctuations

reduce the life of the machinery of the

station, producing a very large depreci-

ation account. In the third instance,

the efficiency of the generating plant is

very much reduced, as pointed out in

a previous paragraph. It has been
figured out in a number of instances

that could the steam be utilised in a

proper manner in the engine driving

the dynamos, at least 40 per cent, more
work could be obtained from it.

When considering the application of

storage batteries to illuminating plants,

it is found that their value is equally as

great as in the case of power stations,

as the charging of the battery can be
done while the plant is operating at

light loads, thus making use of the

power of their machines to great ad-

vantage. At the period of heavy load,

the battery is able to take care of the

peak of the load, and also to operate
the lights during that period of the 24
hours when few lights are being sup-

plied from the station.

The value of an accumulator plant

attached to an illuminating station has

been thoroughly demonstrated by the

New York Edison Illuminating Com-
pany, and the Edison Illuminating Com-
pany, of Boston, and recently in the

plant of the Lawrence Gas Company,
Lawrence, Mass. In the latter case

the battery is used in connection with

their Edison three-wire system, and is

used in the regular way of carrying the

peak of the load during the busv hours
of lighting. A secondary use of this

particular battery is that at noon, when
the large mills on the Merrimac at

Lawrence shut down, they back up the

water into the river above and entirely

cut off the supply to the wheels of the

gas company (for some 25 or 30 min-

utes), which are thus unable to ope-

rate the machines furnishing light and
power until the overflow of the water,

which is dammed back, comes down
and allows the station to be operated.

This short period of absence of water

is taken care of by the storage battery

plant.

The storage battery can also be used
as a valuable adjunct to both power
and lighting stations at points in their

systems where it is difficult to maintain

the voltage at periods of heavy load.

In these cases the feeders are usually

not sufficient to carry the whole current

direct from the station. But during the

periods of small load the feeders can be
utilised up to their maximum allowable

drop in potential to charge battery

sub-stations placed at these weak
points. When the load at such points

becomes greater than the capacity of

the feeder, the battery comes into play

and carries, the load in connection with

the station supply at that point, thus

maintaining the voltage and doing sat-

isfactory and valuable service. There
must be hundreds of street railroads in

existence that have just such weak
points, and the expectations of those

interested in storage batteries would
not be exceeded if half the street rail-

roads and direct current lighting plants

in the United States and Canada should

adopt, within the next few years, storage

batteries either at their central stations

or at sub-stations, the more especially

as they can now obtain storage batteries

which are thoroughly reliable, and
which can be installed under a guaran-

tee.

The extent to which storage batteries

have been used in England and on the

Continent is very great, and it will

surprise many engineers in America to

know that there are more than 20

lighting stations and several thousand

isolated plants in Great Britain alone,

using storage batteries. Further than

this, there are in Germany 5000 isolated

plants and 15 railway power plants

using storage batteries. In fact, 80

per cent, of all the central stations in

Germany and Austria are equipped

with storage batteries. In addition to
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the above, there are many stations in

France, Italy, Holland, Belgium,
Sweden, Norway, Denmark and Spain,

and two or three in Switzerland.

A survey of the progress which stor-

age batteries have made in European
countries, indicates no very great

change in the principles of construction,

but the results seem to be rather due to

a thorough analysis and appreciation of

the requirements of each case. This
has resulted in a proper use of batteries

and a correct recognition of the limita-

tions of their usefulness. This fact

alone has contributed largely to their

successful application. The great diffi-

culty in the United States has been that

engineers have not recognised a proper
limit to the usefulness of a battery, but

have, in many cases, far exceeded their

specified limitations, and in this way
have injured the batteries and cast dis-

credit on them. It would be just as

reasonable to overwork an engine until

injured or worn out, and then declare

that all engines were useless and ex-

pensive mechanical contrivances.

One point which has contributed

largely toward the success of storage

batteries in Europe, is the fact that en-

gineers have endeavoured to obtain

long life and high efficiency even at the

expense of increased first cost, and in-

stead of attempting to obtain a large

output per pound of element, they have
limited themselves to a reasonable num-
ber of ampere-hours per pound.
The result of this has been that the

batteries in use in Europe have shown
great endurance and solidity. The ex-

perience, however, which has been ob-

tained with many American batteries

has not been so promising as on the

Continent owing to the lack of proper
appreciation of them. It would be
greatly to the advantage of American
engineers if they would follow the lines

laid down by their European confreres;

and if, instead of waiting for some mar-
vellous development in the manufacture
of storage batteries, they should make
use of the existing high-class and effi-

cient batteries which are now offered

to the public, and use them in a

reasonable manner, they would obtain

valuable and even remarkable results.

Great progress has recently been
made in manufacturing large batteries

which have a capacity enough to take
care of the needs of central lighting and
power stations, and engineers need no
longer complain that they are unable to

get the large cells which they require.

In fact, manufacturers can produce cells

having almost any given capacity.

Considering the efficiency of a stor-

age battery, the factors which tend to

reduce it are due to a loss in voltage

and in the quantity of current. These
losses, however, are not so serious as

they have been in the past, and man-
ufacturers are at present able to guar-

antee a very high efficiency. In cells

which were submitted to Professor H.
L. Callender, an ampere efficiency of

96.1 per cent, was recorded, the watt

efficiency being 84 per cent. In cer-

tain instances, however, known to the

writer, these efficiencies have been
slightly exceeded, and complaints from
central station managers that they can-

not obtain efficient cells are now ground-
less, as with the efficiencies named an
eminently satisfactory service can be
obtained. It must be borne in mind
that a loss of 16 per cent., or even 20

per cent., in the efficiency of the bat-

tery does not mean the loss of the

same percentage in the output of the

station, as the battery usually supplies,

approximately, or even less, of the

whole output in watt-hours, and it is,

therefore, from that fraction of the

whole output that the loss in the bat-

tery must be deducted.

In the matter of cost of maintenance

of a storage battery outfit, it is now
usual for the manufacturer to guarantee

a fixed annual percentage. This per-

centage varies from 10 per cent, in

small plants to a smaller percentage in

large plants, depending, of course, on
the conditions of operation and the use

to be made of the battery, a study of

which will soon determine what percent-

age can be guaranteed. In first-class

plants, well installed and operated by
careful engineers, the cost of mainten-

ance can be reduced to the vicinity of

3.5 or 4 per cent.
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It is customary for the manufacturers

to enter into a contract in the case of

large plants, guaranteeing that the cost

of maintenance shall not exceed a cer-

tain percentage per annum for the period

of contract. This can be carried out in

two ways. Either the lighting or rail-

road company can pay the manufact-

urer the percentage specified every

year, and the manufacturer will inspect

and keep the battery in first-class con-

dition ; or the company employing the

batteries can inspect and order renewals

themselves, in which case, should the

cost of maintenance exceed the percent-

age guaranteed, the manufacturer will

not charge more than the specified

amount.
This is an exception rather than the

rule, however, as the cost of mainten-

ance is usually somewhat lower than that

specified by the manufacturers, so that

the company owning the battery is the

gainer by the difference in percentage.

By a thorough attention to details, both
large and small, the percentage can be
kept down to a very low figure, and it

is to be regretted that the practice of

engineers which prevails in Europe, of

treating the battery with care and con-

sideration, does not seem to exist among
the engineers of America, to the detri-

ment of their own lighting or railroad

plants.

It must not be assumed from the

above that storage batteries require an
inordinate amount of care and trouble.

On the contrary, they do not require

either expense or great care. All that

is demanded is regular and systematic

attention on the part of those having
them in charge. When such care is

exercised, it is found that batteries per-

form a very valuable service, and large-

ly reduce the operating expenses of the

station—in many cases as much as 30 to

35 per cent. This reduction in operat-

ing expenses is, of course, due to the
saving in cost of coal consumed, a sav-

ing which could not otherwise be ob-

tained.

Where water power is employed, a
storage battery enables the water-wheels
to be operated for twenty-four hours,

storing current while the station output

is reduced to a minimum, and aiding

the station during the busy hours of the

day. In many cases this practically

doubles the output of the station with-

out increasing the cost of installation to

a corresponding amount. In fact, in

many cases where water power is used,

it would be impossible to double the

power of a station, as there would not
be enough water at hand to give double
the power. This is especially true in

those sections of the country where the

power of small streams has been utilised

and where the flow of water is continuous

but not very great. In addition to a

storage battery acting as a receiver for

storing the current while the station is

not giving a large output, it also main-
tains, during the operation of the sta-

tion, a perfectly uniform voltage, which
would not be obtained with the varying
load direct upon the water-wheels, on
account of the difficulty in governing
previously mentioned.
When an entirely new power plant is

to be built, there is no doubt that by
adopting the storage battery in the first

instance, the initial cost of installation

will be less than for the plant not using

storage batteries, and the cost of opera-

tion of the station will certainly be very

much reduced when the station uses

storage batteries. In the case of exist-

ing plants which have to be extended,

it has been proved that a kilowatt-hour

capacity can be added more cheaply to

the station by the addition of storage

batteries than by the addition of gener-

ating machinery, while, of course, the

cost of operation is much reduced.

Referring to the primary cost of stor-

age batteries, the cost per kilowatt hour
output is relatively greater for small

cells than for large ones, since the cost

of manufacture is reduced per kilowatt-

hour in the larger sizes, whereas the

jars and tanks which are used to hold

elements do not decrease very much
with the decrease in size of the elements.

The cost of shipment and erection are,

of course, slightly less per kilowatt- hour
with the larger sizes than with the

smaller ones, and, on the whole, the

cost per kilowatt hour with the larger

cells is less than with the smaller sizes.
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It is stated by the Electric Storage
Battery Company that they are now in-

stalling large plants of the Tudor type,

at a cost per kilowatt-hour of about $37
or $40, which cost, it is understood, can
be reduced in the larger stations. The
question of cost, however, is one which
must be studied out in each case where

it is proposed to install storage batteries,

and a consideration of the cost of in-

stallation with the attendant reduction
in operating expenses will very soon
bring to the mind of purchasers the fact

that it is cheaper to invest in accumu-
lators than to invest in additional boil-

ers, engines and dynamos.

(&uxxz\xt Qopxts.

The best way to keep a boiler clean

is to put no dirty water into it. It is in

this particular respect, however, that

some of the feed water heaters and so-

called purifiers now on the market fall

very much short of their claims simply
because they are not made large enough

;

not that they lack heating surface, but
because they are not large enough in

volume. A large portion of the sus-

pended matter and of the chemically
combined matter in the water, which
forms boiler scale, will separate and set-

tle if only time enough be given, and if

the heater which will raise the water to

208 or 210 degrees be made large

enough to allow the water to go through
it very slowly, almost sluggishly, from
the bottom upward, the separated car-

bonates and the mud will deposit them-
selves in the heater and will not go over
into the boiler. If the heater be made
with ample heating surface, but of small

cubic capacity, the water will go through
it at a speed sufficient to carry even
what may be precipitated into the boiler.

Thus, there are some heaters which will

work very efficiently so far as heating is

concerned, and yet very unsatisfactorily

as separators of impurities. It will pay
to bear this in mind.

Large vertical shafts in mills and
other buildings, for transmitting power
from floor to floor, without the use of

belts and the need of objectionably large

openings through the floors, have of

late years come into favour more and
more, and with them engineers have
had opportunities likewise of extending
their knowledge of the difficulties which
beset their satisfactory operation, that

is, in so far as the step bearings are

concerned. A step bearing which will

run cool and wear well in the case of a
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shaft of any considerable size is always

an object of interest. Several years ago
two such bearings were described be-

fore the American Society of Mechan-
ical Engineers, and sketches of them
have been reproduced on this page as

of quite as much value now as they were
then. The first of these bearings was

_Q

(6

FOOT STEP

_»)

constructed for a large cotton mill in

Lancashire, England. The mill was six

orseven stories high, and, like most mills

of its kind in that part of the country,

was fitted up with massive gearing, an
upright shaft being used with a pair of

bevel gears at each floor. The shaft

was g inches in diameter at the bottom,
and came down to 5 inches at the top.

Altogether the weight of the shaft and
gears was very great. Several plans

were tried to make a footstep that

would not heat, finally the one here
shown was adopted. In the sketch a is

the base or footstep ; b is the vertical

shaft ; c is a steel toe ; d, d, d, are

bronze discs ; e, e are steel discs
; g is

an inlet pipe, and h an outlet pipe for a

steady flow of water through the an-

nular space shown ; and the pipe at the

bottom is a hydraulic pressure pipe
communicating with pumps and an ac-

cumulator. The idea was to get hydrau-
lic pressure on the bottom of the shaft,

and to provide a stream of cold water in

the annular space in the base to keep
the temperature down. Whatever
pressure was needed on the end of the
shaft was obtained by regulating the

pumps and the accumulator, the shaft

being relieved from the bearing to that

extent. The discs of different metals

were intended to prevent the surfaces

from cutting, and if one disc should cut,

any one of the others could begin to

operate.

In the second example, described by
Mr. W. F. Durfee, the bearing and
footstep were made of cast iron, with

an oil well. Directly through the cen-

tre of the support B, on which the shaft

6" revolved, a vertical hole was drilled,

intersecting a horizontal hole. On the

end of the shaft >S there was a groove,

cut right across the centre. With the

well A full of oil, and the shaft revolv-

ing, the centrifugal force tended to

throw the oil out of the groove in the

end of the shaft, and the consequence

was a continuous circulation of oil

through the horizontal and vertical

holes in the support B and a distribu-

tion of oil over the upper surface of that

support. The arrangement was found

to be very satisfactory.

Retarders or baffle-plates in the

fire tubes of steam boilers have long

been known as important factors in

economical steam raising. The theory

of their action always has been a seduct-

ive one, and with probably few excep-

tions it has worked out well in practice.

Where the results did not come up to

expectations or where, indeed, they

were the reverse of what had been hoped
for, it is safe to presume that some one
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condition in the problem had been
ignored or misinterpreted. As with

many other things, indiscriminate use

of retarders is not to be recommended.
Primarily, the function of a device of

this kind is, what its name implies, to

retard something, and that something,

in the case of a boiler, is the combus-
tion gases on their way from the furnace

to the chimney. The slower the pas-

sage of these gases through the boiler

within certain limits, the more heat will

they give up to the water in it, and the

more steam will they help to make.
Prolonging the time of passage of the

gases implies very naturally, too, that

they are made to take a roundabout
path, rather than a direct one, and it is

in this that some forms of retarder exer-

cise another desirable function,—mak-
ing the hot products of combustion
impinge, at some points, more or less

directly upon the heating surfaces, in-

stead of permitting them to flow along,

uninterruptedly in lines parallel to these

surfaces. It is this breaking up of the

steady stream of the gases that helps to

promote the maximum utilisation of the

available heat of combustion.

More recently the practical effect of

retarders has been studied by Mr. Jay
M. Whitham, and the results of a series

of seventeen trials of a horizontal return

tube boiler, both with and without re-

tarders in its tubes, were given by him
in a paper presented at the last meeting
of the American Society of Mechanical
Engineers. The retarders were made
of loosely fitting strips of No. 10 sheet

iron, running the whole length of the

20-foot tubes, and twisted to a pitch of

10 feet, or making two entire convolu-

tions in the length of the tubes. The
several tabulated statements, given in

the paper, are decidedly interesting in

their way and may be studied profitably

from several different points of view.

The particularly interesting fact in the

matter of retarder influence, however,
which they show is that in at least one
of the tests the saving of fuel due to the

use of the retarders was over 18 per

cent., while the lowest recorded saving

was 3.2 per cent. In two of the tests

the retarders appear to have had no ef-

fect whatever. One other showing of

the tables is that the retarders enable a

boiler to be run as economically on 5
square feet of heating surface to the

horse-power, as on 21.7 square feet, or,

practically, as on any number of square
feet between these limits. The general

conclusions which Mr. Whitham drew
from his investigations are those which,

in part at least, have been held gener-

ally for many years past, but it is worth
knowing that they are supported by
actual test figures. He made in his de-

ductions the statements, among others,

that retarders should not be used when
boilers are run very gently and when the

stack draft is small ; and that they may
often prove to be as economical as econ-

omisers, without, in general, interpos-

ing as much resistance to the draft.

Sir John Rennie, speaking as presi-

dent of the British Institution of Civil

Engineers fifty years ago, said that

when, by improvements in roads, car-

riages and horses, and by shortening

the stages, the distance between Lon-
don and Edinburgh was covered in forty-

two hours, "animal strength and en-

durance had reached its utmost limits,

and if any improvement was to be ob-

tained, it was requisite to get it from a

different source. " He did not foresee

the notable accomplishments of horses

attained since that time, nor did he
probably even dream of the still better

performances by men on bicycles which,

in the past few years, have afforded the

strongest kind of evidence of animal

strength and endurance. While man,
however, has done much to supple-

ment his own natural speed and power,

he has done nothing in that direc-

tion for the horse In the year 1673
paddle-wheel tugs, worked by horses,

were in use both on the Thames and
the Tyne for towing vessels, and it

is on record that between Gravesend
and London they would take a ship of

1000 tons against the stream at a

speed of three miles an hour. No land

vehicles, similarly worked by horses
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carried
'

' on board,
'

' appear to have
been ever tried ; but in these days of

high grade steel, roller bearings, and
rubber tires, it would be interesting to

ascertain experimentally whether the

performance of a sturdy little Shetland

or Iceland pony, carried on wheels in-

stead of on his own legs, could not be
quadrupled, as that of his weaker mas-
ter certainly has been.

It is a matter of some interest to learn

that in recently extending the electrical

equipment of the Nantasket Beach line

of the New York, New Haven & Hart-

ford Railroad Company, in the United
States, the overhead trolley system, in

use on one section of the road for some
time past, was abandoned and the third-

rail method of contact was adopted as

the most readily adaptable to ordinary

railroad requirements. This seems like

coming back to first principles. One
of the first electric roads built, back in

the early eighties, was of the three- rail

type, but after somewhat protracted ex-

perimenting this arrangement gave way
to the now familiar overhead wire and
trolley. Its virtues, however, are now
evidently better appreciated than they
were in those early days of electric rail-

roading. The third rail in the present

instance is of peculiar shape, the end
view resembling a flattened A. It is

laid midway between the two service

rails of each track. Each section of

third rail is 30 feet long, and weighs 93
pounds to the yard. It is supported by
three ash blocks to each section, the

blocks being let into the ties. Before

use these blocks are boiled in vacuum
pans with a tar compound, and thus

each pore is filled with insulating and
preservative material. For continuity

of the third rail circuit each end of one
rail is attached to that of the next by
means of two heavy copper bonds.

The electricity is taken from the rail

by two sliding shoes, hung loosely from
the car, one suspended between the

axles of each truck, immediately under
the king pin, by two links which allow

it to slide easily over the top of the third

rail and make perfect contact with it all

the time. The current is brought to

the motors through the controllers and
circuit breakers, and returns to the track

rails by the wheels. The continuity ot

the return circuit is secured by using a

short thick bond of copper cable to join

together the ends of each pair of track

rails, the ends of the bond being fast-

ened into the flange of the rail. The
distance between the two shoes on the

car is 33 feet. No third rail is laid

at the crossings, the circuit continu-

ing between the broken end by means
of lead covered cables. At the cross-

ings less than 30 feet wide one of the

shoes is always in contact ; at wider ones
the impetus of the moving car brings

the shoes into contact again before the

car can come to rest. Should the oper-

ation of this branch road prove as suc-

cessful as it now promises to be, it is

likely that the three-rail system will be

extended to a very considerable degree

on that line.

The largest commercial electric trans-

mission line in the world was completed
a few months ago in California. It is

only a little short of 35 miles and sup-

plies light as well as power to the town
of Fresno from the north fork of the San
Joaquin river. The water has been led

from the river through a flume and canal

to a natural basin, several acres in ex-

tent, and from this basin a pipe line,

4100 feet long, is brought down the

mountain side. In this distance the

difference in level between the water

above and that in the river below is

a little over 1400 feet. At the power
house the pipe enters a receiver 57 feet

long by 30 inches in diameter, of ^-inch
steel, with joints of butt strap type. This

receiver is designed to stand a working
pressure of 800 pounds to the square

inch, and both it and the water wheels

are outside the main power house, the

shafts passing through a heavy granite

wall which effectually keeps all water

and moisture out of the dynamo room.

The wheels are of Pelton make, and the

head of water,— 1410 feet,—is the high-
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est ever used for power transmission

purposes.

The electric plant consists of three

General Electric three- phase generators,
each of350 kilowatts capacity, at a speed

of 600 revolutions. The armatures are

directly connected to the water wheels

by insulated flange couplings. The cur-

rent is delivered to six 125 K. W. step-

up transformers wound for 1 1 , 200 volts,

to which pressure the current in the

transmission line is raised. This 1 1 , 200-

volt circuit, consisting of six bare cop-

per wires, after running through the 35
miles of intervening country, is brought
to nine step-down transformers in the

station at Fresno. Three of these are

of 125 K. W. capacity and reduce the

pressure to 200 volts; three are of 75
K. W. capacity with secondaries of

1000 volts, and three are of 40 K. W.
capacity, reducing the pressure to 3000
volts. In addition to these transformers

the station also contains two 80-light

Brush arc machines, directly driven by
two 60 H.-P. three-phase induction mo-
tors. The system of distribution from
the sub-station is divided up into three

net works. The first, a 200-volt, four-

wire, low-tension net work, covers the

business portion of the town and has an
initial capacity of 6000 sixteen candle-

power incandescent lamps. The sec-

ond, a 1000 volt, three-phase system,
covers the residence districts of the town
and has an initial capacity of 4000 six-

teen candle-power incandescent lamps.
The third is a 3000 volt, three-phase
circuit, designed to furnish current to

the numerous vineyards and wineries
within a radius of ten miles from the

sub-station for both lighting and power
purposes. Motors will also be furnished
with current from both the 200-volt and
1000 volt systems.

It is well known that a perforated
strainer of any kind is very apt to be
obstructed by objects floating in the
liquid to be treated, and it may be inter-

esting, therefore, to call attention to

what may be termed a substitute for

such a strainer, devised a number of

years ago by Mr. W. F. Durfee, and
used by him, in many instances, with

good results. The device was described

by him subsequently before the Ameri-
can Society of Mechanical Engineers
and is well explained in the appended
sketch. This is supposed to show a

cistern through the bottom of which
passes the overflow pipe P. In order

"^NH

to prevent any substance, floating at the

surface of the liquid, from going down
this overflow pipe, the latter is sur-

rounded with a tube, T. Anything
heavier than the liquid will, of course,

go to the bottom. In order to prevent

the tube T from acting as a syphon, its

hemispherical end is perforated above
the level of the liquid by a small hole,

H, or the tube may be left entirely open
at its upper end. Both forms have been
used with satisfaction. The flow of the

liquid out of the cistern is in the direc-

tion of the arrow. In this arrangement
we have a substitute for a perforated

strainer, giving the full area of the over-

flow pipe, and which is at once simple,

cheap, and thoroughly efficient.

In a recent editorial on errors of ob-

servation, which are sure to creep into

every kind of experimental work and
easily nullify every possible refinement

of calculation, Engineering, of London,
has this to say:—"The amateur ex-

perimenter—and some that are not

amateurs—falls a ready victim to the

seduction of decimals. It is so delight-

fully easy to go on dividing to four, five,
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six or even seven places. No sane man
would dream of writing that a steam en-

gine consumed 20 pounds, 1 ounce,

314^ grains of coal per horse-power
hour. It would be altogether too ab-

surd. But 20.1074 pounds has an air

of veracity and scientific precision about
it which is irresistible to some natures.

We are not guilty of burlesquing the

facts in advancing such figures. Only
this week we have read in an American
technical paper that Captain Dewey, of

the United States Navy, had officially

reported to Mr. Secretary Herbert that

the battleship Massachusetts had made
on trial a speed of 16 2079 knots.

Translated into ordinary measures, this

means that she could cover 16 nautical

miles and 1265^ feet in one hour.

As this is equivalent to about 27 feet a

second, we may feel considerable skep-
ticism, not only about the fraction, but
also about the units, the tens, and the

hundreds. The period in passing over
fhe measured mile is so short—less than

four minutes—that an error of a second
or two would be material. If experi-

menters could cultivate a little contempt
for fractions, it would prevent them giv-

ing an importance to figures that are

absolutely unreliable." Every engineer

knows how well founded this criticism

is. Figuring down to a very small frac-

tion of anything in engineering work,
where appreciable errors of observations

are more than likely to be made, is a

little worse than useless.

Paris, which has thus far been re-

markably conservative in the matter of

electric street car traction systems, hav-

ing adopted neither overhead nor un-

derground conduit designs, in spite of

all clamour for improved transportation

facilities, is now to have a closed conduit

line, after a system devised by M. Vuil-

leumier. This is said to have been
thoroughly tested in 1894 at the Lyons
Exposition, presumably with satisfac-

tory results, so that, in this instance,

good performance may be reasonably

expected, or at least as good perform-
ance as surface contact systems at the
present time are capable of giving. At
their best, they promise to be trouble-

some and vexatious things.

The notion that the greater the

height of a chimney lor a boiler plant,

the greater will be its draught produc-
ing power is responsible for the existence

of many chimneys of imposing size and,

at the same time, unnecessary expense.

A very tall chimney, well proportioned
and gracefully outlined, may be a strik-

ing architectural adjunct to a factory,

but it is also one that costs considerable

money without doing any measurable
amount of good. Where chimneys are

intended to carry off noxious fumes from
chemical works, there is, ofcourse, some
method in providing for unusual height,

since the aim in such a case is to insure

as complete as possible a diffusion of the

vapours and prevent their mingling with

the air of the lower strata; but for boil-

ers simply, unusual height, as stated, is

rarely based upon a good reason.

As a matter of fact, the draught-pro-

ducing capacities of chimneys, having
flues of the same size, are in proportion

to the square roots of their heights, so
that if one were to have double the

power, if it may be so called, of the

other, it would have to be four times as

high, and not merely twice as high as

many suppose. A height of 150 feet

may be considered, on good authority,

as the maximum necessary in any case

for producing the requisite draught,

providing, of course, that the area of

the flue has been properly proportioned.

This latter should be made to bear a

pretty nearly direct ratio to the com-
bined areas of the boiler flues connect-

ing with it. A chimney much beyond
150 feet is generally suggestive of mis-

spent money.
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N modern times, the fact

has come to be univers-

ally recognised that the

most accurate measure
of the progress of a peo-

^ple in all the material civ-

ilising elements of ad-

vance is the quantity of

iron and of steel used by
them. It has been quite

as explicitly admitted that the inven-

tor is the greatest benefactor of the

race and that the most beneficent

inventions are those which promote
the economical production of these

most precious of metals. Gauged
by this test, Sir Henry Bessemer may
probably be fairly accorded the distinc-

tion of being classed with Tubal Cain,

Hephaestus, Dud Dudley, Cort, and
Huntsman, among the greatest men
the world has known in this field, and
it may not be claiming too much, per-

haps, to say that he may fairly be as-

signed to the headship of that mightiest

of guilds.

The present time, when Great Britain

and the United States are each produc-
ing, annually, about ten millions of tons

of iron, of which a large and increasing

proportion is used in the form of steel,

and, in that form, is finding application

in every kind of construction, is pecu-

liarly appropriate as one in which to

describe his deeds and to give honour
to the man who, perhaps more than any
other man, living or dead, has so aided
his nation and his race in its onward
progress in wealth, comfort, safety and
general prosperity, furnishing the ma-
terial foundation upon which all moral
and intellectual advances must be more
or less based.

In the following condensed account
of the great inventor and his wonderful
work, the endeavour has been to secure

the most authentic accounts of the his-

tory of the invention and of its intro-

duction. In reference to its essential

facts and dates, accuracy has been as-

sured by drawing largely upon the pub-
lished statements of Sir Henry Bessemer
himself, and even, in some "instances

through inquiry of the inventor directly,

and of his friends, and the men who
have direct knowledge of the facts

through personal observation. In col-

lating these facts no trouble has been
spared and it is hoped that the story,

as here told, may be found to be equally

accurate and interesting.

Certainly no event in the history of

our time has so much of the marvellous

connected with it, none illustrates more
strikingly the singular and impressive

aspects of metallurgy and of chemical

5-i Copyright, 1896, by The Cassier Magazine Company. All rights reserved. 323
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and physical science, and none is more
marvellous in its outcome, and in its

effects, particularly, in the promotion
of modern civilisation, and of the com-
fort and general welfare of the world.

Parts of the story will be told in the

words of the. inventor himself, and it

will be none the less graphic and in-

teresting for that fact. Sir Henry Bes-

semer disclaims all talent in authorship

;

but few men can state an idea more
clearly, or, in the description of any
event, can use more luminous diction.

Sir Henry Bessemer was born at

Charlton, Hertfordshire, England, on
January 19, 1813. He was of semi-

continental origin, and of a stock dis-

tinguished by character and genius.

His father was Anthony Bessemer,

whose beginnings in the study of me-
chanics were made in Holland at the

age of nine years, and who, at twenty,

constructed a floating steam engine

to drain the turf-pits near Haarlem.
Like so many ambitious young men of

the time, he was attracted to Paris.

Settling there, he made improvements
in the microscope and became a mem-
ber of the French Academy at the age
of twenty-five.

He was extraordinarily successful as

a type-founder, discovering the type
metal alloy, composed of copper, tin,

and bismuth, previously unknown, and
not only made a form of type which was
specially advantageous, but also em-
ployed this composition, giving them
much greater endurance. His type
wore twice as long as that of other

type-founders of his time.

When the French revolution of 1792
broke out, he was employed in the mint,

illustrating there his great talents as in-

ventor and administrator. Upon the

accession of Robespierre to the direc-

torship, he was ordered to take charge
of the public bakery, then established

to supply the people of Paris with

bread. A false rumour getting abroad
that the loaves furnished by the bakery
were of short weight, the populace rose

against the establishment, and its man-
ager was compelled to flee the country

to escape the dangers threatening him.

He went to England, and the destruc-

tion of the fortune of the young en-

gineer and inventor proved, ultimately,

a source of profit to himself and of un-

told wealth to the nation.

Anthony Bessemer, arrived in Lon-
don, promptly secured a position in the

mint, and there gained a modest fame
and began a fortune by steady industry

and by the application of his inventive

talent to the solution of the many prob-

lems brought to him in the course of his

work. He invented new methods of

type-founding, still further improved his

microscope, and was the first to suc-

cessfully reduce gold from the solutions

then usually wasted by the jewellers.

This process was only superseded, thirty

years later, by the invention, by the

Elkingtons, of the electrolytic systems
now employed.
He finally established a type-foundry

at Charlton, under the firm style Besse-

mer & Catherwood; his partner supply-

ing the required capital. The enter-

prise proved a success, and the inven-

tor lived throughout the remainder of

his life, and finally died, at Charlton,

possessed of a moderate fortune and
leaving his son a greater inheritance in

the record of a well-spent life. More
than all, however, the boy was fortu-

nate in his possession, by heredity, of

his father's talent for invention and for

mechanics and engineering.

These gifts were displayed by the boy
in his earliest years, and cultivated 'con-

tinually throughout his life. His toys

were tools, and his youth was spent,

very largely, in the development of his

mechanical powers in the use of ma-
chine tools in construction, and espe-

cially in acquiring the art of turning with

a beautiful Holtzaffel lathe, given him
by his father. He also developed a
talent for sculpture. Some of his mod-
elling in clay is said to have been ex-

ceedingly artistic.

Young Bessemer spent his boyhood
at Charlton until he was sent to school

at Hitchin, where he gained the ele-

ments of an education. His leisure

was given to his workshop and the de-

velopment of his genius for invention

and mechanics was stimulated by the

then famous achievements of Jacob
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Perkins, an American inventor, settled

in London, and by those of no less dis-

tinguished contemporary British en-

gineers. As the youngest son, Besse-
mer began, at an early period, the
management of his own affairs, and in-

dependently .sought to make his own
way in the world. At the age of eigh-

teen we find him in London, where he
took up the business of designing and
modelling, and with immediate success.

One of his first successes in the me-
tropolis came to him a year later when

he exhibited one of his beautiful models

at the Somerset House exposition of the

Royal Academy, and another and more
important one was gained when he in-

vented a new stamp for the British

Stamp Office. This was the perforated

stamp now familiar as a cancelling stamp
and for other purposes, and this was
improved upon, as Sir Henry himself

says, by the young lady to whom he

was at the time engaged to be married.

She suggested the use of the date as an

integral part of the stamp, thus making
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it impracticable for a previously possible

fraud to be perpetrated by the transfer,

or by the alteration, of the older stamp.

As the loyal inventor says, " she so

improved upon my invention that her

plan was accepted, and an act of Parlia-

ment passed in six weeks, making her

plan the only legal stamp in Great
Britain; and so it remains to-day. " It

was largely in acknowledgment of the

advantage conferred upon the nation

by this simple yet important invention

that Bessemer was, later, knighted, and
" thus," as he goes on to say, " she

shares the title and is Lady Bessemer.
'

'

The stamp office accepted, first the one,

then the other, of the two devices, and
the latter is to-day the legal form of

British stamp.

The officials of the stamp office had
told Bessemer that the government was
probably defrauded of ^"100,000 a year
through the ease with which the older

stamps were manipulated. This was
saved, and probably more, by the new
device. It was intimated to the inven-

tor that a position in the office, at ,£600
or ;£8oo a year, would be assigned him,

in acknowledgment of his services; but
it was never given him, and it was only

in 1878 that knighthood was tendered
him as an honourary compensation for

his, by that time, immeasurable service

to the country and the world. The in-

vention was not patented, and the in-

ventor could do nothing to enforce his

equitable claim upon the government.
He soon saw that it would be useless to

waste time or money in the attempt.

As he says:

—

I could not go to law, even if I

wished to do so; for I was reminded
that I had done all the work voluntarily

and of my own accord. Wearied and
disgusted, I at last ceased to waste
time in calling at the stamp office—for

time was precious to me in those days
—and I felt that nothing but increased

exertions could make up for the loss of

some nine months of toil and expendi-

ture.

Thus, sad and dispirited, and
with a burning sense of injustice over-

powering all other feelings, I wrent my
way from the stamp office, too proud

to ask as a favour that which was in-

dubitably my right.
'

'

Bessemer was at this time twenty
years of age, with a fortune still to be
made, unable yet to look forward with
confidence to a time when he could

marry the young lady of his choice, and
so situated that the disappointment was
most serious. But he was not made of

the stuff that permits easy or permanent
depression and he soon engaged, with

as much zeal as ever, in new plans.

The success of his work, if not his per-

sonal gain, was encouraging, and he
found himself promptly involved in a

number of promising schemes. He in-

vented a machine for the production of

figured Utrecht velvet, and apartments
in Windsor Castle soon illustrated the

value and beauty of his work.
He next took up improvements upon

the art learned from his father, at Charl-

ton, and, on March 8, 1838, patented a

machine which produced what are

thought to have been, certainly up to its

date, the most perfect type ever cast.

He secured freedom from air and from
" blowholes " by casting the type in a

vacuum. The machine involved many
of the principles of the later type-found-

ing machines, and was a pioneer in that

series of grand inventions. A few

years later, the Family Herald was
'

' composed " by a young woman, for

some two years, employing a compos-
ing machine of Bessemer' s construc-

tion, working at the rate of six or seven
thousand types an hour, throughout
the full working day.

Another of Bessemer' s inventions,

and one which resulted most fortu-

nately for him, in a pecuniary sense,

was the apparatus for the manufacture
of bronze powder for use in painting

and decorating. The raw material cost

1 1 d. a pound, and the powder was im-

ported from Germany at a cost of ^5
or £6, per pound. The young me-
chanic struggled a year and a half,

gave up the attempt, resumed his la-

bours after a six months' rest, and finally

succeeded and at once set up the man-
ufacture in England. He made a great

success of this new industry, but he
never patented his apparatus. It was
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worked as a secret process for many
years and finally was turned over to the

faithful assistants who had preserved
the secret so long, and who, in turn,

operated the establishment many years.

The profits were at first enormous, at

least 1000 per cent., and, for a long
period, several hundred per cent.

Bessemer was continually scheming
out new devices and patenting new in-

ventions. He studied the manufacture
of paints, oils, varnishes and sugar, and
endeavoured to improve railway and
railway carriage construction, and mak-
ing of heavy ordnance and projectiles.

He invented improvements on the al-

ready known centrifugal pump, and
almost daily struck out a new idea.

He became known as " the ingenious

Mr. Bessemer."
About 1880, the writer of this sketch

proposed the construction of a railway

train for exceptionally high speeds,

which should have, among other pecu-

liar features intended to decrease resist-

ance and to increase safety, a continu-

ous, smooth, yet flexible, exterior shell,

with vestibuled connections and a con-

oidal terminal portion covering the

engine, the whole making a cigar-shaped

mass which, as was supposed, might be
driven at the speed of a hundred, or, if

found in other respects practicable, at

a hundred and fifty miles an hour with
minimum resistance and engine power.
On investigation of the records, he

found that Sir Henry Bessemer had
antedated him by above thirty years.

That great inventor had, in 1847, pat-

ented improvements of a similar char-

acter, and had, in the course of his

work of development of his invention,

made a series of extraordinarily inter-

esting experiments at what were then
considered very high speeds, finally

winding up his work by '

' ditching
'

'

his train. He proved that the resist-

ance of even the pile of luggage on the

top of the carriage—as then customarily

carried, instead, as in the United States,

in a separate
'

' luggage van " or " bag-
gage car"—was productive of great

wastes of power and sensible loss of

speed. A single portmanteau, at

thirty miles an hour, would thus prove

as much of a load as a ton weight in-

side the carriage. At sixty miles an
hour, it would be equivalent to five

tons, and at a hundred miles, to about
nine tons. He showed that the spaces

between the several carriages of the

then loosely-coupled trains of English

roads were also a source of loss of pow-
er. The result has been the removal
of all luggage from the tops of carriages,

the introduction, universally, of the

"luggage van," and the closer coup-
ling of carriages.

The most advanced practice in this

direction is illustrated in the United
States in the vestibuled trains and the

invariable employment of the " bag-

gage car," the latter practice dating

from the earliest days of railway opera-

tion in the United States. But the Bes-

semer system of train construction, with

its smooth exterior, its form of least re-

sistance, and its conoidal ends, is one
of those inventions which have been
made too early and some future time

will see it reduced to everyday practice,

with, very likely, little honour accorded
to its original inventor. At the high
speeds now coming to be recognised as

perfectly practicable,—provided trav-

ellers are ready to pay for them,—the

Bessemer train construction will reduce

the resistance and raise the limit of

speed to such extent as to prove, there

can be little doubt, a desirable as well

as practicable device.

In 1 85 1 Bessemer exhibited several

inventions at the International Exposi-

tion and attracted much attention and
great admiration on the part of the me-
chanics of the time. These exhibits

were his centrifugal pump, his sugar

separator, and his plate glass polishing

machine. The pump was stated to be
capable of raising twenty tons of water

an hour, draining an ' acre of land,

flooded a foot deep. The sugar separ-

ator could drain sugar from molasses

with twice the speed of any previously

invented apparatus. The glass polish-

ing machine was peculiarly ingenious

in its method of securing the plate to

be polished, and releasing it when the

work was done,—operations that had
previously demanded much time and
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compelled the use of tons of the plaster

of Paris, employed as the cementing
material.

The method adopted by Bessemer
was to score the table or platen on
which the plate glass was supported,
then exhausting the air from these

grooves in such manner as to firmly

hold the plate down by the superin-

cumbent atmospheric pressure. These
inventions all proved valuable improve-
ments. The centrifugal pump is doing
its work all over the world; the sugar
separator is now in general use for its

special original purpose, and other uses,

as the separation of cream from milk,

are being found for it. The plate glass

polishing apparatus was pronounced at

the time, by authorities then well rec-

ognised, as among the great inventions

of the day.

In 1854 war broke out between Rus-
sia and the, for the time, allies, Great
Britain and France. The coming event
had long been foreshadowed, and Bes-

semer was led to consider the subject

of improved ordnance and projectiles.

The army and navy guns were, at the
time, smooth-bored and their projec-

tiles spherical. Rifled cannon were
not yet successfully introduced although
the principle had long been known and
Cavalli and Wehrendorf —the one in

Sardinia and the other in Sweden,—had
experimentally employed it in 1846, in

heavy ordnance. Rifled cannon only
came into use, permanently and as

standard forms of construction, about
i860, the first used in war being, prob-
ably, those employed in the Italian

campaign of 1859. Elongated shot and
shells, for use in smooth-bored guns, had
been proposed and experimentally—it

is said successfully—used by Robert
L. Stevens, in 1813; but the construc-

tion was kept secret and finally sold to

the United States government, and by
it neglected until absolutely lost. Some
of these were percussion shells. In

1854 the world was apparently as ignor-

ant of the idea as if it had never been
proposed.

Bessemer invented shells of such form
and saw promise in the plan, as devised
by him, and enthusiastically strove to

bring it into use. The required rotary

motion, usually now conferred upon the

projectile by " rifling," was, in his shot,

produced by channels in the shot in

which the reaction of the passing pow-
der-gas and air gave the needed impulse

and the necessary rotation. His gun
was given an enlarged chamber for the

purpose of condensing and giving better

form to the charge, while an enlarged

exterior and a built-up construction

gave his ordnance still closer resem-
blance to the powerful guns of our own
time, of which it was, in some degree,

progenitor.

As the inventor put it,
—

" By this

mode of making guns in various parts

I am enabled to use iron and steel in

some cases, and thus to form a gun of

great strength, the parts of which are

of little weight, while it also admits of

the various parts being made of the

metals most suitable to resist the pecu-

liar strains and wear to which they are

severally subjected when in use.
'

'

The results of his experiments were
communicated to the British govern-
ment; but they received no favour and
a happy accident bringing Bessemer
into the presence of the Emperor of the

French, when on a visit to Paris, that

monarch, more intelligent or more lib-

eral than the compatriots of the inven-

tor, gave him carte blanche, and every
facility for the conduct of his experi-

ments at Vincennes. There, experi-

ment proved that Bessemer' s claims

were absolutely correct, and elongated

shot were fired from smooth-bored guns
with ample rotation to keep them '

' end
on '

' and in true line of fire. It was
found possible to secure two or three

rotations in the length of the bore of

the gun, and their passage through a

series of screens showed their perfect

retention of their axes in the line of

their trajectory. The British war office

took no interest in these experiments;

but the French Emperor saw Bessemer
fully compensated for all his time and
expenses in the presentation of his in-

vention to the French government.
Enough was accomplished to show

Bessemer, and the artillery officers wit-

nessing his progress, that it was im-
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portant to find a stronger gun-metal,
to insure permanent success in the pro-

posed improvement of ordnance and
gunnery. Bessemer returned to Lon-
don with this idea in mind, and with
the intention of seeking some better

gun-iron or other metal, capable of

serving his purpose. Naturally, his

first thought was the adaptation of

some form of steel to gunnery, or the

production of some similar material

which should be capable of being
worked into large masses without seri-

ous loss of tenacity and ductility.

Bessemer' s experiments took the

form of refining cast iron, a metal which
had ordinarily too little strength for

satisfactory use in heavy guns, and
which was almost absolutely brittle.

By refining the common irons of the

country, he succeeded in greatly im-
proving them, and, after a time, re-

turned to Paris to present to the em-
peror a gun made of this improved
metal, which was much stronger than
the then usual qualities of gun-iron.

It was a white cast iron, very strong,

but presumably of little ductility, al-

though, as he tells us, it was both
" tougher and stronger than the best

cast iron then in use for artillery pur-
poses. " The gun was accepted with
promptness, and due acknowledg-
ments were made the inventor.

By this time Bessemer' s eyes began
to be opened. He says:

—
" I now saw

that the refinement of iron in the fluid

state might go on until pure malleable
iron or steel would be obtained, and I

fully realised the fact that such a result,

in importance, went infinitely beyond
the mere production of a metal suitable

only for the construction of ordnance.
'

'

A year had passed in his experiments
before he was ready to offer his first

gun to the Emperor of the French. It

was eighteen months more before he
saw clearly that it would be possible to

remove the carbon from cast iron by
simply forcing a current of air into it,

and that it might be rendered malleable
in that manner. His first direct experi-

ments in this line were made in the
laboratory, blowing air, with a portable
blowpipe, into molten cast iron in a

crucible, and producing ten or twelve
pounds of malleable iron. Taking the

ingot to the Woolwich Arsenal, it was
proved to be what has been later called
" ingot iron," and Colonel Wilmot,
the superintendent, and Professor Abel,

the chemist of the works, were intensely

interested.

Every facility was given Bessemer for

the testing and working of his new
metal and it soon became evident that
'

' the principle of purifying pig-iron by
atmospheric air

'

' was a sound and
practicable one. Bessemer' s first patent

was accordingly taken out in October,

1855, embodying his earliest plan

—

that of reducing the metal in a crucible

with an air blast. The experiments

were then continued, looking for a

method of forcing the air into the mass
of the molten metal; but so many diffi-

culties and so much of trouble and anx-

iety were consequent upon this effort

that the inventor broke down and took
to his bed, nervously exhausted.

But even while lying in his bed, his

mind continued to run upon his great

problem, and he presently concluded to

try the experiment of forcing air in

large volumes upward through a cor-

respondingly large mass of molten iron

in a great egg-shaped vessel, fitted up
with suitable passages, taking the air

from the blowing engine, conducting it

beneath the vessel, and introducing it

at the bottom, whence it might find its

way in bubbles and streams throughout
the fluid mass.

On recovering from his illness, Bes-

semer proceeded at once to the develop-

ment of his latest idea, and soon had a

circular vessel ready, which was about

3 feet in diameter and 5 feet in height,

designed to contain seven hundred-
weights of molten iron. To this was
connected the air blast from a small

blowing engine, built for the purpose.

This
'

' plant
'

' was set up at Baxter

House,—a place which he had, mean-
time, rented for the purpose,—and,

lining the vessel with fire-clay and
charging it with molten iron, the blast

was applied in presence of the inven-

tor and the few people on the place at

the time.
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Jeans, describing this experiment,
says* :

— '

' Instantly out came a volcanic

eruption of such dazzling coruscations

as had never been seen before. The
dangling pot-lid dissolved in the gleam-
ing volume of flame, and the chain by
which it had hung grew red and then
white as the various stages of the proc-

ess were unfolded to the gaze of the

wondering spectators." The process
was a success; steel was produced, and
its quality proved to be good. Besse-

* Creators of the Age of Steel, p. 37.

mer was sure of his fame. He patented

his new system of steel production on
February n, 1856, specifying both air

and steam as available reducing agents,

although he was not able to make the

use of steam successful, and though
earlier experimenters, in modified ways,

had been similarly unsuccessful. Sir

George Rennie was invited by the in-

ventor to witness these experiments and
to give his opinion relative to the ad-

visability of making them known. He
advised publishing the process at once,
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in a paper to be read before the British

Association for the Advancement of

Science, at its coming August meeting
at Cheltenham.

Bessemer read his paper " On the

Manufacture of Malleable Iron and Steel

Without Fuel," on August 11, 1856.

Thirty days later, he had received

^27,000 for licenses to use his inven-

tion,
—

" a fact which," as he says, " is

sufficient evidence of the sweeping
nature of the change which, even at

that early stage of the invention, it

promised to effect in the great iron in-

dustry of the country.
'

' Nevertheless,

full success was not yet achieved, and a
period of struggle and trial of consider-

able duration was still to be passed
through by the brave and persistent in-

ventor before he could feel assured that

it would become an established process

of manufacture.

In his famous paper, read before the

Mechanical Section of the British Asso-
ciation, in 1856, Bessemer thus de-

scribes his fundamental ideas and
theory:

—
" I set out with the assump-

tion that crude iron contains about 5
per cent, carbon, and that carbon can-

not exist at a white heat in the pres-

ence of oxygen without uniting there-

with and producing combustion; that

such combustion would proceed with a

rapidity dependent on the amount of

surface of carbon exposed; and, lastly,

that the temperature which the metal

would acquire would be dependent upon
the rapidity with which the oxygen and
carbon were made to combine, and con-

sequently that it was necessary to bring

the oxygen and carbon together in such
manner that a vast surface should be
exposed to their mutual action in order

to produce a temperature hitherto un-

attainable in our largest furnaces."

Next he described his process, as actu-

ally conducted, and its resulting prod-

uct, and showed both the correct

theory and the actually effected pro-

duction of a metal having all the prop-

erties of the finest iron, transformed out

of the crudest forms of pig-iron, with-

out the use of fuel and at a cost

evidently marvellously slight.

NIGHT IN A BESSEMER CONVERTER HOUSE.
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The reading of the paper produced
an enormous sensation, and neither the

scientific men of the time nor the most
experienced and the wisest of the iron

and steel makers knew precisely how
to receive the wonderful tale. The

practical men '

' were very much in-

clined to incredulity and often unre-

servedly ridiculed the claims made for

the new process. But Baxter House,
St. Pancras, was visited by increasing'

numbers of interested visitors, and im-

promptu experiments were made at

various British iron and steel works,
notably at the Dowlais Works inWales. *

The French Emperor, now always
interested and favourably disposed in

any matter in which Bessemer was en-

gaged, proposed introducing the proc-

ess at the Roulle Arsenal, and the

authorities at Woolwich Arsenal indi-

cated a similarly favourable inclination.

In September, 1856, an exhibition of

the working of the pneumatic steel-

making process took place at Baxter
House in the presence of about seventy-

five eminent iron and steel makers and
scientific men. The experiments were
thoroughly successful, and the steel

produced was sent, in part, to Wool-
wich, where it was rolled into thin sheet
metal and, later, punched cold into

forms demanding the utmost ductility

and malleability of the best Swedish
plate.

A witness of the exhibition at Baxter
House stated, in print, shortly after-

ward, that, after a blow of twenty-four
minutes, the blast was turned off, the

metal run into an ingot-mould, and
proved to be of admirable quality.
'

' The whole experiment was conducted
with a degree of precision and neatness
that would have done honour to a Fara-
day, a Turner, or a Dalton.

'

' Five iron

masters, in as many districts, into which
the kingdom was divided by Bessemer,
accepted the proposals of the inventor
and took out licenses, the Dowlais Com-
pany leading, and the manufacture was
fairly organised in Great Britain, with,

* Six weeks after the date of this paper, the same
experiments were made by Messrs. Cooper, Hewitt
& Co., at their works in the United States.—Trans-
actions American Institute Mining Engineers, 1882,
Washington meeting.

apparently, no possibility of failure or

serious obstacle.

But " there's many a slip 'twixt the

cup and the lip," and what seemed an

awkward slip took place immediately

upon the attempts of the principal iron

masters to avail themselves of this se-

ductive process. Uncertainty and often

positive failure and condemnation char-

acterised the few months following this

brilliant debut of the Bessemer process.

The process was formally condemned
as a failure by iron masters of Stafford-

shire and Worcestershire, at a meeting

held by them but two months after the

invention had been published at the

convention of the British Association

for Advancement of Science. The
steel made by the process at Dowlais

proved comparatively worthless, and
failures were reported on all sides.

Nearly every experiment failed, al-

though the experimenters were confi-

dent that they followed precisely the

method adopted by the inventor him-

self. Development of the Bessemer
system came to a full stop. Discour-

agement was seemingly universal,

—

except with a single individual, Henry
Bessemer, the indomitable inventor.

Absolutely convinced that his earlier

experiments could not be gainsaid or

overthrown, and that what had been

done before could, under similar cir-

cumstances, be repeated as often as

desired, he continued to study all diffi-

culties as they arose. He had made
good steel ; his licensees had not. These
facts simply pointed out the existence

of conditions in their operations which
were absent in his own, and he patiently

and steadily went about the discovery

of these unexpected obstacles to gen-

eral success. He analysed pig-iron and
product, compared brand with brand,

and ingot with ingot, and sought in the

chemistry of the process a reason for

such strange differences in outcome as

had been revealed when others at-

tempted to effect a result by him always

reached without difficulty. As a mat-

ter of course, scientific investigation, in

time, solved the problem.

In the manufacture of steel by the

then only satisfactory process,—the
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melting of metal in a crucible, after

previously introducing the carbon by
the cementation process—similar diffi-

culties had originally been encountered
by its promoters. It was, after a time,

found that only certain kinds of iron

were fitted by composition and intrinsic

quality for the purpose of steel-making.

These irons became the acknowledged
sole sources of crucible steel. It was
further found that it was necessary to

introduce into the melting pot, usually,

some compound containing manganese,
to insure perfect soundness and highest

quality of product, especially in making
steel for the finer uses.

It came to be known, later, that all

molten metals take up, and perhaps
dissolve, oxygen in considerable vol-

ume, precisely as does water reacting

with carbonic acid, or as is illustrated

most strikingly in the case of silver,

which takes up so much of the gaseous
oxygen, when itself fluid, that its ex-

pulsion on the solidification of the metal

produces, often, a real explosion, and
gives the masses of silver, thus affected,

all sorts of curious, and frequently beau-
tiful, rose-shaped forms. The presence

of oxygen in molten steel doubly injures

it, directly reducing its tenacity and its

ductility, and exposing its molecules to

oxidation, and, thus, indirectly further

destroying its toughness and its value

for all purposes. The introduction of

the more oxidisable metal, manganese,
fluxes out the oxygen, and, further, im-
proves the steel by, in some way, ame-
liorating the deleterious effects of other

elements present in almost all iron ores

and in nearly all irons.

The one element which is most
troublesome in all processes of produc-
tion of iron, and even more in steel mak-
ing, was not removed or appreciably

reduced in the pneumatic process of

Bessemer. Phosphorous produces
"cold-shortness" in a remarkable
degree, and the most minute portions

of this element sensibly injure the qual-

ity of metal intended for the finer uses.

In tool-steel making, even the most in-

significant measure of this substance is

avoided in choosing iron proposed to be
carbonised and every precaution is taken

to secure an iron which has been ob-
tained by reduction of ores quite free

from phosphorus.
The reason of the non-success of the

attempts of his licensees to utilise the

Bessemer process were discovered, after

a time, to be due to the fact that, in

every case, they had employed irons in

which the proportion of phosphorus
was high. It had happened, by singu-

lar good fortune, that Bessemer' s first

experiments had been made with Blae-

navon pig, and, this iron containing no
appreciable proportion of the delete-

rious ingredients, they were, for this

reason, satisfactory. The great major-

ity of the British ores are phosphoritic

and unsuitable for use in the process of

Bessemer as then practiced. The diffi-

culty was early pointed out by chemical
analysis and was recognised by Besse-

mer himself. It became at once gen-
erally believed that the pneumatic proc-

ess was of little or no value, since it

could not eliminate this noxious ele-

ment.

A long and patient search for an anti-

dote for the poison followed, occupying
months of arduous and systematic scien-

tific work. Constant experiment, con-

tinuous analyses of ores, of irons and of

the products of the new process, con-

vinced the inventor that it was simply

excess of phosphorus that stood be-

tween him and success and wealth and
fame. But nearly every independent
experiment resulted in exhibiting the

same facts, and it became evident that

the common ores and irons of the coun-
try were unfitted for use in that man-
ner.

The receipt, after a time, of a quantity

of Swedish irons, which had been or-

dered in view of their general use in the

tool-steel manufacture, permitted the

trial of such irons and the immediate
settlement of every difficulty. They
gave such admirably pure and excellent

Bessemer steel, that all attempts to find

a way of using native irons were at once
and definitely abandoned by Bessemer
and, thereafter, only what came to be
known as the " Bessemer ores" and
the " Bessemer irons " were employed.
Once this became the established
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method, all serious difficulties were at

an end and ores and irons from Sweden
and Norway, from Spain and from
North Africa, and, in Great Britain,

from the Barrow and Whitehaven
districts, supplied all makers with
" Bessemer steel."

Steel was not yet produced, however,
by this process. It was found practi-

cable, starting with fine irons, to make a

pure malleable iron from the pig by a

treatment, such as has been described,

in the Bessemer " converter;" but to

make steel, required that the " blow "

should be stopped at precisely the right

instant, to leave in the metal just the

exact proportion of carbon needed to

give the quality of steel desired.

When it is remembered that all the

steel in our markets, ranging in quality

from the softest " ingot-iron," em-
ployed in drop-forgings and in boiler-

plate, to the machinery and tool-steels,

are contained within the range, carbon
one-eighth, to carbon one, or one and
a quarter per cent, it will be seen that

this must be a most delicate operation.

It so proved, and it was concluded that

a commercial success could not be con-
fidently expected if it were to prove
necessary to obtain, at each blow, pre-

cisely the specified quality of product
for a stated purpose. Bessemer pro-

duced from his Swedish pig-iron a metal
which contained but 0.16 per cent.,

—

fourteen parts in a million,—of foreign

matter. It was one of the purest and
finest samples of malleable, or wrought,
iron that ever was seen; but he could
not, at that time, produce an ounce of

steel of a definitely specified quality at

a single " blow."
The soft irons actually made were

comparatively useless and valueless in

the arts. What was wanted was an
iron hard enough and strong enough for

use in structures in which combined
strength, ductility, elasticity, and wear-
ing power were desiderata. These were
not the distinguishing qualities of the
product of the pneumatic process as

known to the metallurgical world of

Bessemer' s days of " Sturm und
Drang." The process proved too per-

fect in its reduction of the highly car-

bonised pig-iron to the malleable form.

Pure iron is worthless iron for all the

engineer's purposes and can find no
market. Steel was wanted, and steel

of various grades and percentages of

carbon, produced to order, and of pre-

cisely the quality defined by specifica-

tions, stating the needed tenacity, duc-
tility, and resilience.

Since experience proved that the stop-

ping of the blow at just the required

point to leave in the metal the needed
proportion of hardening elements was
impracticable, it at once followed that

the pig metal must be converted into

malleable iron, and that the latter must
then be, in some manner, given the de-

sired composition and quality. This
meant, evidently, recarbonising; and
this was the conclusion to which Besse-

mer was soon brought, after the facts

which have now been related had been
fully revealed. Experiment at once
confirmed the deduction, and the pneu-
matic process was, at last, a success,

and the triumphant victory of the in-

domitable genius promoting it now
gave to the world the grandest and
most fruitful advance in metallurgy that

this century of wonders in that, as in

all other fields, has witnessed, if not the

greatest in the world's history. It

stands beside the invention of Dudley
and that of Cort.

It was now obvious that two elements

must be employed in the treatment of

the fluid metal after complete removal
of the carbon in the converter. Man-
ganese must be added to absorb dis-

solved oxygen and give general im-

provement of the metal; carbon must
be added to the pure iron in the con-

verter to give it the desired
'

' temper,
'

'

as the steel maker calls it* The addi-

tion to the molten mass of a selected

iron, containing both manganese and
carbon in the right proportions, consti-

tuted the last step in the process of de-

* The "temper" of the steel-maker and the
" tempering " of the tool-maker are entirely differ-
ent things. The one designates the quality of the
metal as produced by its higher or lower percent-
age of the hardening elements of its composition

;

the other indicates the production of a certain
degree of hardness in a tool-steel by heating,
suddenly cooling, and then adjusting the hardness
to exactly that demanded by heating to a lower
temperature than before, and finally quenching
at the right stage.
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velopment of pneumatic steel making,
as finally perfected by Bessemer.

Thus, after four years of additional

labour, of enormous expense, of re-

peated discouragement, the process

was perfected and patents were issued

to its inventor for all its details. Ferro-

manganese was manufactured for use in

the converter and recarburising was
made the final step in the production

of steel. In Sweden, in some cases,

the pure cast irons of that country were
employed for recarburising, but were
thoroughly successful only when con-

taining some manganese. The use of

manganese is, practically, universal in

the final treatment of the metal before

pouring from the converter into the

mould.
The process was perfected, but, mean-

time, four years of silence and disuse

had thrown it out of the market, and
almost entirely out of sight. It was
necessary to start anew in its introduc-

tion, and to add to the ^10,000, which
had been lost in experiment, another

large sum, to be expended in proving
its value and in bringing it into use.

This task was entered upon with all

the courage, the systematic method,
and the determination which had char-

acterised every step in the earlier work
of the inventor. He sent to every iron

producing section of Great Britain, and
sent abroad as well, for samples of irons

and ores, and sought out those free

from phosphorus. He found the

Cumberland hematite the most promis-
ing of all domestic ores and soon proved
its fitness for use in his process. Steel

was made of as nearly as possible the

composition of the tool-steels then called

for in the market, and was distributed

among workmen and firms employing
such metal, and thus, without the

knowledge of the workmen handling it,

tested. It bore the test and the inven-

tor was satisfied.

On May 24, 1859, Bessemer read a
paper before the British Institution of

Civil Engineers, reintroducing the pneu-
matic process to the world. He ex-

plained the cause of his long absence
from view, the difficulties which had
arisen and had been successively and

successfully overcome, the processes
by which he had, one after another,

vanquished them, and the final outcome
of his years of undiscouraged struggling

for a result which he had, all along, been
confident must ultimately be attained.

He described the method of reduction
and of recarburisation, as finally per-

fected and then practiced, and con-

cluded by exhibiting the product of the

pneumatic process in the form of struct-

ural steel, showing its wonderful com-
bination of strength and ductility, and
explaining that this remarkable and, in

fact, new material of construction could

be made for a lower price than even
ordinary puddled iron. This paper
was given by the Institution the Tel-

ford Medal, its greatest award.

Among the illustrations of the suc-

cessful production of various forms and
as various qualities of steel, exhibited

at this now historically famous meeting,

Mr. Bessemer showed a small piece of

ordnance, cast directly from the con-

verter; a large steel circular-saw plate,

worked out of an ingot made by his

process in Sweden; bar-steel, made in

France; and other examples of impor-
tant uses, collected by him from makers
who had, by this time, set the process

in operation throughout Europe. The
paper and these solid facts were suffi-

cient to convince the most cynical and
incredulous, and the inventor has ever

since had little occasion to complain of

delay or cessation of progress in the

extension of its applications throughout
the civilised world.

Yet, conservatism at first impeded
the new development, until Bessemer
had turned his attention to the conquer-

ing of those difficulties, which, at one
time, seemed likely to prove more
troublesome than the material ob-

stacles that inventiveness and persis-

tence had now vanquished. He deter-

mined to take the whole business into

his own hands and make a business of

the introduction of the process and its

product. He bought back all his prev-

iously issued licenses, at a great advance
over their original price, and set up
works at Sheffield, in the very midst of

his most active and powerful rivals and
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competitors, for the specific purpose of

showing the capacity of the method for

the production of all qualities of steel.

He soon began sending out tool-steels

to compete with the crucible steels of

the time, and with immediate success.

This make was sold for two years, and
until the market was fully prepared to

accept a Bessemer steel of that grade.

Soft steel, or, more correctly speaking,
" ingot iron," was made and found

suitable for uses to which only the duc-

tility and malleability of copper had
previously been applicable. Every
grade of hardness or softness, of high

or low temper, of stiffness, strength,

or cutting quality, was shown to be ob-

tainable by this marvellously adaptable

method. This latest victory was
promptly won.

In a paper, read at a meeting of the

British Institution of Mechanical En-
gineers in 1 86 1, the now triumphant

inventor wrote :

— '

' Enough has already

been said to show how important is the

application of cast steel to constructive

purposes and how this valuable material

may be both cast and forged with such

facility and at a cost so moderate as to

produce, by its superior durability and
extreme lightness, an economy in its

use as compared with iron. The con-

struction of cast steel girders and
bridges, of marine engine-shafts, cranks,

screw-propellors, anchors and railway

wheels, are all deserving of careful at-

tention. The manufacturer of cast steel

has only to produce at moderate cost

the various qualities of steel required

for constructive purposes to insure its

rapid introduction; for, as certainly as

the age of iron superseded that of

bronze, so will the age of steel succeed

that of iron." This prediction was
long since fulfilled, and to-day sees

almost every article of construction

formerly made in iron now produced,

of better quality and at a lower cost, in

steel.

The International Exhibition of 1862,

at London, gave Bessemer an oppor-

tunity to display to the world the evi-

dences of the singular, the varied, and
the enormously valuable uses to which,

by that time, this new and wonderful

metal had been applied. Of this op-
portunity he fully availed himself. As
he says in his letter of 1878 to the Brit-

ish Secretary of State for the Home
Department, describing some of his

struggles against so many obstacles, he
"exhibited two steel cannons, one in the

rough state, the other bored and fin-

ished; also steel projectiles of various

sizes; portions of a very large gun;
Enfield rifle barrels, of which thousands
had been made; bayonets, swords, pis-

tols, etc.; also wire for cables; ship's

plates, rails, wheel-tires, bars, rods,

files, cutlery and cutting tools of every
description. These were all arranged
in the large area so liberally allotted to

me, before the eyes of all the world,

and safe from any private or summary
condemnation. Here, at least, I felt

that my invention would stand or fall,

purely on its own merits, and I was
fully prepared to accept the verdict.

'

'

In a recent letter to the writer, Sir

Henry Bessemer, referring to the same
subject, says:

—
" It struck me that in

the country where so many millions of

steel nails are now used, you might feel

interested in seeing a few of the first

that were made. They formed part of

my exhibit of 1862 at the great show in

London where I had specimens of

almost every article that can be made
in steel. For this purpose, the direc-

tors gave me a space, 35 feet square,

with an 8-foot gangway all around it.

I called personally on many large man-
ufacturers and asked them to make
articles in their trade with my new
steel. Thus I got swords, bayonets,

shields, rifles, pistols, ordnance, pro-

jectiles, boiler-plates and tubes, piston-

rods, locomotive tires, crank-axles, con-

necting rods, wire of all sizes, from one-

half inch to the size of a hair, wire ropes,

hydraulic cylinders, large screws, tools

of all kinds, cutlery, etc. ; in fact, an
enormous catalogue of exhibits and of

the finest workmanship. My only

claim was that it was all Bessemer
steel.

'

' Everything was marked with

the name of the maker, and, as Sir

Henry says, he exhibited for them as

well as for himself.

The International Exhibition of 1862,



SIR HENRY BESSEMER. 337

In London, was thus the opening of a

new era in the history of the struggles

and the busy life of Bessemer. As he
states in the letter just referred to, "a
few days after the opening of the ex-

hibition, in May, 1862, Mr. John Piatt,

M. P. for Oldham, came to me and
said that he and a number of his

friends desired to become interested in

my patent and asked me to name a

price for which I would sell a quarter

share to him and nine others. * * *

I told him that I would not have part-

ners who would overrule me. I was
getting £2 a ton on all ingots made,
allowing a drawback of ^1 a ton on all

ingots made into rails. This was a high

royalty, and possibly I might see wis-

dom in lowering it at a future time and
my partners might not agree to this. I

therefore declined to sell a share of my
patents.

" A few days later, Mr. Piatt again

came to me and said that they were
willing to give me absolute power and
discretion to deal with the patents and
royalties as I desired. They were will-

ing to have no control whatever over

my patents so long as I was the owner
of not less than half. This removed
my objections and I entered into a bond
with them to hand over to them five

shillings in every pound that came into

my possession as royalty, one-fourth

part of the receipts; but this did not

involve either partnership or contract.

I named ^50,000 as the price and this

was accepted, and within three weeks
of the opening of the exhibition I dined

with these ten gentlemen at the Queen's
Hotel, at Manchester, and each of them,

after dinner, handed me a roll of ^"5000

in bank notes, and I had the pleasure, a

few years later, of handing over to

them, half-yearly, a gross sum equal to

,£260,000."

The most perfectly friendly relations

continued among these partners to the

end, and, after the expiration of the

patents and the consequent termination

of the arrangement, Mr. Piatt and a

deputation of his colleagues presented

Lady Bessemer with a large portrait of

her husband as a testimonial of their

appreciation of his talent, fairness and
courage throughout that long period.

( To be Concluded.
)
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THE MILLING MACHINE FOR GENERAL SHOP USE IN

AMERICA,

By Henry B. Binsse.

:^ o F all the varieties of

machine shop prac-

tice, I can think of

so full of interest and

|

pleasure to the visitor as the

manufacture of rifles and
^ small arms. The or-

(V«4fl ^er and system reign-

ing everywhere, even in

the littlest details, ex-

jj
:

\ cite admiration, and it

is delightful to watch
the ease with which the

work proceeds from the

•^ rough to the finished

/ state. The different

parts of the lock and
breech mechanism appear at first in

the form of steel drop forgings, blocks
of dark metal, revealing little or nothing
of the finished shape which they will

assume.
These pieces are finished from the

rough state by milling machines chiefly,

each machine taking one cut only and,

therefore, it is necessary to follow the

working of several machines before the
final shape of the detail begins to show
itself. The operations are performed
so easily, so rapidly and with such
obvious accuracy that the lathe, planer

and kindred tools seem crude and but
half worked out, when compared with
the perfect, semi-automatic action of the
milling machine.

In addition, the armory milling ma-
chine attendant has his life lines cast in

far easier places than his fellow me-
chanic of the machine shop. He has
time in plenty to spare. Usually, he
takes charge of a group of millers; he
strolls from one machine to the other,

takes out the piece which has just been
finished, replaces it by another one, to
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which he gives a few playful taps with

his hammer, tightens some bolts and
starts up the machine again. Appar-
ently, there is no trouble of any sort, no
bother, and all the pieces are perfect,

exactly alike, bright and shining with

a beautiful finish,—a delight to the eye.

All this is in such sharp contrast with

the manner that work is done in the

machine shop, where the machinist is

always busy, ever attentive to his ma-
chine, that we are constantly hearing'

of the milling machine being put for-

ward for general shop use by those who
know just enough about the ordinary

run of machine shop practice to per-

ceive the striking advantages of milling,

but who have slight practical knowledge
of its restrictions and difficulties. The
truth is that the perfection of armory
and sewing-machine shop milling is the

reward of years of deep thinking and
hard labour; and while there is, indeed,

in the machine shop in general a wide
and important field for milling, growing
in value every year, these results can

be gained only by a careful study of the

problem. As an example of the super-

ficial and sometimes absurd statements

made about the milling machine, we
may cite the words of a member of the

prominent engineering societies who
said, at a recent meeting, that the only

difference between the milling machine
and the planer was that in one case the

tool went forward while in the other it

went around.

In view of this and of similar erron-

eous impressions, it would be well, before

proceeding to a discussion of our sub-

ject, to look with some care into the

working of the milling machine. When
we understand wherein it differs from
the planer, we shall be able to see at
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FIG. I. GEAR CUTTER. MESSRS. GOULD & EBERHARDT, NEWARK, N. J.

once why its growth has been only

along certain lines.

The difference between the milling

machine and those machines which cut

with a single tool is fundamental, in

consequence of the two distinct methods
of removing the metal. In the case of

tools like the lathe, planer and shaper,

all the work is done by a single cutting

edge. Experience has led to the con-

clusion that here the cutting tool loses its

edge and gives out more from pressure

and friction than from the work of cut-

ting. It would appear that the cutting

edge is softened and dulled by the heat

resulting from pressure, for we find

that when we lessen the friction and
pressure by lubricants, and by grinding

the cutting edge to a shape which re-

duces the pressure, the life of the edge
is increased.

Suppose that we had to cut the teeth

of a spur gear with a planer. The gen-
eral shape of the teeth having been
roughed out, we would put in a finish-

ing tool filed to the precise tooth con-

tour. It would soon be discovered that

as the cutting edge grew dull the teeth

ceased to be alike. Naturally, then,

the thought suggests itself to use a

number of cutting tools, all alike in out-

line and to give to each tool so light a

duty that it cannot wear appreciably;

and this leads us at once to a revolving

cylindrical cutter which can be turned

in a lathe, composed of a number of

GANG OF CUTTERS FOR TBE GOOLD
& EBERHARDT MACHINE.
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FIG. 3. A PLAIN MILLING MACHINE. BUILT BY THE BROWN & SHARPE MFG. CO., PROVIDENCE, R. I.

cutting faces, which are presented to

the work in rotation.

The planer does its work by a sta-

tionary single tool, while the miller

works with a revolving series of tools,

and these conditions present engineer-

ing problems which vary greatly. In

cutting with a single tool, the forces and
resistances are practically constant dur-

ing the entire cut, so that if either the

cutting tool or the machine should yield

a little from the cutting pressure, the

workman can allow for it, regulating

the feed of the cut accordingly.

It is an everyday experience that a

skillful hand will do accurate and true

work with a weak, poorly made planer

or lathe. I have seen many remarkable

instances of this. In one large machine
shop in the United States, which had
an excellent reputation for good work
and which was an infirmary for ancient

and decayed lathes and planers, they

would point with pride to a long lathe,

still in use a few years ago, upon which
had been constructed one of the first

machine-cut screws made in America.

In another shop, when work was
brought which was too large for the

largest planer, they were used to taking
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off one of the planer housings and, by
reversing it and fastening it to the con-

veniently low ceiling, they transformed

the tool into an open-side planer.

In sharp contrast with such simple,

but bold, practice, the milling machine
is most sensitive to the faintest tremble

in the work, the machine or the cutter,

and slight vibrations make chatter

marks which spoil the work. The
depth of cut which the cutting edge or

tooth of the milling cutter will stand is

much less than might be looked for; it

varies, according to the circumstances,

from less than a tissue paper thickness

to that of three or four newspapers
(0.001" to 0.015"). Anything in ex-

cess of this destroys the cutter rapidly.

It will be clear that with such thin shav-
ings very faint vibrations show at once
by uneven cuts. In addition, while the
forces and resistances are constant with
the single tool, they change every in-

stant with the rotary cutter. There-
fore, not only, on the one hand, does
the milling cutter action tend to bring

about vibration, but the result of such
vibration is bad work.

It follows from these working condi-

tions that the design and fitting of the

milling machine must allow the least

possible vibration or deflection either in

the work table or in the cutter spindle,

and that, if the product is to be smooth

FIG. 4. UNIVERSAL MILLING MACHINE. BUILT BY THE BROWN & SHARPE MFG. CO.
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FIG 5. UNIVERSAL MILLING MACHINE. BUILT BY THE CINCINNATI MILLING MACHINE CO.,
CINCINNATI, O.

and accurate, the construction of the

machine must be also of the most ac-

curate and substantial kind. In fact,

there is no other machine tool which
exacts the same minutely careful de-

sign, or high grade of workmanship.
There is little or no fine fitting and
scraping in very many of the cheap
lathes, planers and shapers which, for

common work, give perfect satisfac-

tion. The very beautiful, almost
mathematically accurate, product which
we admired so greatly at the armory,
is the fruit of the untiring labour of the

highly skilled tool makers who designed

and built the milling machines and their

fixtures, and who must continue to

watch over them to see that they are

kept in perfect order.

Not only is the first cost of the mill-

ing machine higher than that of other

tools of like capacity, but, also, the

cost of the cutters must be considered.

Although the marked advance in cutter

making has lessened their price in

recent years, cutters of unusual size or

shape remain very expensive. Gangs
of cutters for form milling can cost from

$25 to $100,—even more.
Bearing in mind the rigidity required
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in the cutter spindle, we shall under-

stand why milling cutters cannot be
changed as rapidly as are the cutting

tools of a lathe or planer. Moreover,
the cutter must run as nearly true as

possible (it never runs exactly true,

except by accident), and every precau-

tion must be taken to prevent chatters.

Therefore, as the cutters should run as

long as they may be without change,

and on no account should be spoiled, it

is important, for economical milling

practice, that the material to be oper-

ated upon should be soft and, above
all, free from sand, hard spots or scale.

When it cannot be soft, as in cast steel

milling, it must be homogeneous and
thoroughly annealed. In this regard,

the milling machine is at a great disad-

vantage compared with the planer.

Mr. H. L. Arnold mentions an inter-

esting case of this, in a recently pub-
lished paper on milling in The Ameri-
can Machinist. A very excellent ex-

ample of milling machine had been built

machine was finished. At the makers'
trial of the machine, it was found that

the iron contained hard spots of rolling

mill slag and scale, which ruined the

cutters at once, making the machine
useless for a time. This drawback is

an important one, because the danger
of hard castings is ever present in gen-
eral work.
There are other difficulties in milling

to which only brief reference can be

made and which may be summed up
roughly by saying that it costs more,
usually, to prepare to do a job on the

milling machine than it does on the

planer. A review of these conditions

will lead to the conclusion that the best

field to-day for the milling machine is

in the manufacture of large quantities

of little pieces, like small arms and sew-

ing machines, and it may be said that

it is without a serious rival for this class

of work.
While this is so, I should regret very

much if I conveyed the impression that

by the Pratt & Whitney Company, to

mill some tee-shaped wrought iron ele-

vator car guides. These were to be
milled by a set of

'

' straddle
'

' cutters.

The iron had been rolled before the

the usefulness of the tool is limited to

this narrow range. Quite the contrary.

As the machine shop of a past genera-

tion, where everything was undertaken,

from a machine tool to mill gearing, has
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passed away and has given place to

carefully designed factories for building

machinery of a certain class only, striv-

ing to reach perfection in a very narrow
line, so it may be said that machinery
is being manufactured more and built

less from year to year.

The milling machine, therefore, which
is essentially a machine tool for dupli-

cation, and which displays its wonder-
ful capacity only when there is a great

amount of work of the same kind to be
done, is coming more and more into

use and is being more carefully studied

and applied to a wider range of practice.

Large milling machines in great variety

have been brought forward during the

past few years with most remarkable
results ; but it is necessary to repeat that

the best returns are obtained by design-

ing the tool for one kind of work, with

as little range of size as practicable.

We have an instance of this in the

Eberhardt " New Type" gear cutter,

shown in Fig. i on page 339.

The output of this machine will

scarcely be believed by those who have
not seen it. To the Messrs. Eberhardt
belongs the credit of originating the

first commercial full automatic gear
cutter. Automatic gear cutters had,

indeed, been constructed by Sellers,

Bement, and others, but their cost was
prohibitive. The automatic machine,

brought out about twelve years since,

was a marked advance over the ordi-

nary gear cutter, because it completed
the entire operation of cutting the gear,

needing no attention after it had been
started.

With the growth of the electric street

car trolley system, came the demand for

a machine which would cut the motor
gears in large quantities. The process

was slow with any machine of that day,

because the pitch is coarse and the ma-
terial, steel casting, is one of the most
trying known to engineers. The '

' New
Type " gear cutter was designed, then,

to meet that want, which it does in a
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IKAVY VERTICAL MACHINE. BUILT BY MESSRS. BEMENT, MILES & CO., PHILADELPHIA.

marvellous way. Cutting three teeth

at a time, it will finish a gear, 23 inches

in diameter by 4^ -inch face, steel cast-

ing, No. 3 pitch (about 1 inch circu-

lar), in from 2 to 2*4 hours. The
length of the cut is 59^ inches, the

depth of cut being about 24 -inch,

1 j4 -inch feed to the minute. The cut-

ters are about 5}^ inches in diameter,

and the cutting speed is 33 feet per
minute. Those who have had experi-

ence with steel castings will appreciate

what this product means.
It will be interesting to make a short

analysis of the means taken to reach

this result, which is about four times

greater than the output of the usual

machine. Examining the illustration,

we will notice that the massive frame,

heavy spindle, and generous wearing sur-

faces will resist any tendency to deflec-

tion and chatter. The spindle is braced
by a very stiff end bearing and the gear is

firmly held by strong dogs. In addi-

tion, six thick streams of lubricant are

provided, three playing on the cutters

in front and three in the rear,—a per-

fect deluge. This is a very important
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point. Of course there is power to

spare. Messrs. Gould & Eberhardt
use a gang of cutters like that repre-

sented in Fig. 2. This shows three

finishing cutters, but the cutters stand
better if the gang consists of two fin-

ishing and two blocking cutters. Of
course, the machine is not limited to

motor gears. The cutter gang will cut

only one size of gear.

There is a class of work for which a

single cutting tool is so poorly adapted
that time is always saved by giving the

job to the milling machine. I refer to

slot or groove cutting. This will in-

clude all kinds of key-ways, cutting off

stock, rack cutting, and all similar

work. All such work is best done on
a milling machine, whether there is

duplication or not. Of course, where
special milling machines are warranted

by the amount of work, the economy
is vastly increased by their use. A
special key-way miller will finish a key-

way in about one-tenth the time that a

planer or shaper would consume.
All machine shops, even those of

moderate size, will find a plain milling

machine, like the Brown & Sharpe, No.

4, shown in Fig. 3, almost indispensa-

ble for such work, as well as for much
plain face milling and for work done by
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"straddle" mills, such as nut finish-

ing. This type of plain milling machine
has been most carefully designed to en-

able the operator to change the cutter

and to set the work rapidly. The cut-

ter arbor is stiffened by the detachable

yoke. A comparatively little sum for

cutters will cover a great variety of work
with this machine.

Another indispensable tool is the
" universal," of which the Brown &
Sharpe No. 2, Fig. 4, is one of

the most perfect, and I might al-

most say, beautiful, examples. It

is the only machine for making
taps, reamers, milling cutters and
small tools in general. The univer-

sal milling machine built by the

Universal Milling Machine Com-
pany, Cincinnati, O., Fig. 5, has

earned a high reputation in the last

few years for the originality and
merit displayed in its details, of

which the feed handles arrange-

ment and the variable feed are

striking examples.

There are many designs of ma-
chines in common use for cutting

off stock which is too large to be
cut in the plain milling machine.
No modern shop can afford to have
this work done either in the lathe

or by hand in the forge. Besides
the rounds and flats in common
use, wrought iron beams are be-

ing adopted wherever circumstances
permit in places where, ten years

ago, cast iron or wooden girders

would have been the accepted prac-

tice.

Crane manufacture to-day affords

one of the most striking examples
of this change. The Newton Ma-
chine Tool Works, of Philadel-

phia, built a series of model ma-
chines for cutting off, covering every
possible requirement and making a

very interesting exhibit. A few
years ago, this class of tool was un-
known in the United States, except by
scattered specimens of English ma-
chines. When the demand came for

them they were promptly built, each
problem being thoroughly solved,

and in a way, to my mind, far

in advance of European practice.

The Newton No. 4 cold saw cutting-

off machine, Fig. 6, will serve to illus-

trate the line. Of this tool, the makers
write :

—

These machines are built in all sizes,

from the small machine, cutting up to a

limit of 2 inches, to the largest size,

which has a capacity for cutting round
sections up to 21 inches. These ma-
chines are now in universal use througrh-

FIG. 10. FINISHING ROD BRASSES.

out the different machine shops, and
the large forging shops are finding

greater economy in using these ma-
chines on straight work than in using
slotting machines. This No. 4 machine
has a capacity for cutting square sec-

tions up to 12 inches, or is capable of

cutting a slab 12 inches high by 38
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inches long. The saw on the machine
is 36 inches in diameter. The feed

mechanism is arranged to have a feed

one-eighth of an inch per minute on the

slowest, up to one inch on the fastest

feed. This is controlled by a lever

which can instantly change the feed

from one extreme to the other. The
periphery of the saw runs at all times

FACING THE VALVE SEAT OF A PUMF

at the same speed. For ordinary work
the saw travels 85 feet per minute.
Where the machines are sold for cut-

ting hard or irregular stock, such as

high-carbon rails, we reduce the speed
to 65 feet."

Another type of milling machine of

great service in architectural iron work
and similar construction is the face mill-

ing machine, sometimes misnamed the

rotary planer. There are many varie-

ties of this tool. Some have a single

head only; in others, again, the head
is fixed, the work being moved past the
cutter. The work is fastened to tables

and the heads move. A machine of

this kind will be found very efficient for

facing column ends, for the flanges of

large cast iron pipe and connections,

tees, ells and so on, as well as for valve
flanges. The cutter is generally

made by inserting regular octagon
or square cast steel in a large cast

iron flange, the milling being end
or " butt " milling. It would be
expected from what has been
said, that milling machines would
be used in the machine shops
which manufacture but one kind of

machinery in large quantities, like

locomotive and railroad shops,

steam engine works, pump manu-
factories and electrical works, and
such is the case.

About the best machine for

general service in machine shops
is the vertical universal milling ma-
chine. Fig. 9 shows the Newton
machine, one of the latest designs

and with many excellent features,

but there are many other varie-

ties. Bement, Miles & Co. , for

example, have built some of them
of extraordinary weight and
power. This tool covers an un-

usually wide range of work, both

heavy and light, of which Figs. 9
to 12 will give an idea. In Fig. 9 a
hand wheel is being finished be-

tween the arms; Fig. 10 shows it

at work on rod brasses; the valve

surfaces of a pump are being faced

in Fig. 11, and in Fig. 12 it is

milling a key-way.
For milling large flat surfaces,

both horizontal and vertical, there is an
almost endless variety of milling ma-
chines, many of which have been de-

signed with especial view to some par-

ticular job, but it is inadvisable for the

purpose of this article to do more than

to call attention to those which represent

advanced practice and which are char-

acteristic of the others. The Newton
plain milling machine, Fig. 14, is used

for milling locomotive guides and con-
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necting rods, key-seating heavy
axles, panelling locomotive rods,

facing the halves of steel motor
gears and similar purposes. This
type of milling machine is built

in eight sizes, covering a range as

large as 72 inches square, by any
desired length. The table is fed

by a Sellers rack and spiral pin-

ion, which gives a steady drive,

the feed being varied by the well

known Sellers friction disks. The
machines have sufficient power to

mill the full width of the table ; the

cutting speed varies from 60 to 75
feet and the feed for steady work
from ^4 -inch to 5 inches, accord-
ing to the depth of cut and other

circumstances.

In Figs. 13 and 15 are shown
two duplex milling machines built

by the Pratt & Whitney Com-
pany, of Hartford, Conn. The
tables of these machines are driven

by a short screw of large diameter,

engaging in a rack, which is a

segment of a nut.

The duplex double - column
milling machine, built by John L.

FIG. 12. CUTTING

FIG. 13. A DOUBLE-HEAD MILLING MACHINE. BUILT BY THE PRATT & WHITNEY CO.
HARTFORD, CONN.
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FIG. 14. PLAIN MILLING MACHINE. BUILT BY THE NEWTON MACHINE TOOL WORKS.

Wit -
•

B i*#«f«l -
T"".'j

.

m =-1P^

:

f

• ~^uT~ *
, m

FIG. 15. DOUBLE-HEAD MILLING MACHINE. MADE BY THE PRATT & WHITNEY CO.
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i. l6. MILLING MACHINE. BUILT BY JOHN L. BOGERT, FLUSHING, L.

FIG. 17. REAR VIEW OF BOGERT'S MACHINE.
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NEWTON DUPLEX MILLING MACBINE.

*rt, Flushing, L. I., of which Fig. 16

is a front and Fig. 17 is a rear view, is a

very attractive little machine on account
of the originality and good engineering

displayed in the design. In this case

the saddle moves vertically, the heads
being adjustable laterally. The diffi-

culty of fitting the saddle to the double
column is overcome by making it in two
pieces and arranging the wearing sur-

While the general design is similar to

that of the plain miller, in this machine
the distance between the uprights is ad-

justable. With this tool large butt

mills are frequently used, facing the

work on two sides at one operation. It

is more limited in its scope than the

single spindle machine, but it performs

the work for which it is adapted with

greater speed and accuracy (for par-

MODERN MILLING CUTTER.

faces so that they clamp the V's with-

out gibs. The table is 9^2 inches by
about 46 inches long.

\. Fig. 18 shows a duplex milling ma-
chine, one of a line built by Newton.

rallel milling) than any other tool. As
an example of this, may be instanced

its use for facing both sides of the mag-
nets of a dynamo. These pieces, of

great weight, must be sized alike, with
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true parallel sides. This would be a

very difficult and expensive job for a

planer. The spindles of this tool are 6

inches in diameter, and it will carry end
mills 30 inches diameter. The complete
machine weighs 35,000 pounds.
The cutter for use in these large ma-

chines has been worked out on the
" division of labour " plan. By study-

ing Fig. 19 it will be noticed that the

teeth are so arranged in a spiral that

but one or two are in action together,

and that they work with a draw cut, a

portion only of the cutting edge cutting

at any time. This arrangement also

makes a large number of short chips,

and concentrates the power of the ma-
chine for a brief period upon a little

portion of the cut. The Ingersoll Mill-

ing Machine Company, Rockford, 111.

,

make this cutter by drilling holes in a

cast iron body and inserting steel cut-

ters. Another way, cheaper and per-

haps as good, is to set the steel tools in

a mould, pouring the cast iron for the
body around them.

In Fig. 20 we have another style, a
combined vertical and horizontal spin-

dle milling machine. It will be noticed

that the vertical spindle is carried on a

cross head resembling that of a planer,

while the horizontal spindle is arranged
on a short side cross-head. An outer

bearing for the horizontal spindle is

provided from the main cross-head.

Both horizontal and vertical surfaces

can be milled with end mills, and this,

in some cases, would be an advantage,

because end mills do more accurate

work than side mills. Both spindles

can be used at once, if desired. Fig.

21 shows a similar machine with twin

vertical and horizontal spindles. Messrs.

Beaman & Smith also build this class

of machine with one standard removed,
resembling the open-side planer, which

FIG. 2o. COMBINED VERTICAL AND HORIZONTAL SPINDLE MILLING MACHINE. BUILT BY
MESSRS. BEAMAN & SMITH PROVIDENCE, R. I., IT. S. A.

5-3
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would be well adapted for milling the

ends of pieces too large to go between
the standards.

In Fig. 22 we have a machine built

by the Pratt & Whitney Company, after

the designs of Professor John Sweet, and
used at the works of the Straight Line
Engine Company, at Syracuse, N. Y.

It, too, bears a strong likeness to the

planer. The vertical rotating spindle

saving begins with duplication only,

and rapidly increases with the amount
of duplication, reaching its limit when
the machine can be kept busy not only

on one kind of work, but on one size of

one kind. We saw an illustration of

this in Eberhardt's gear cutter. It is

for this reason that we find so great a

variety of machines. A little volume
could be written just upon the machines

BUILT BY

will carry drills, reamers and boring

tools, besides milling cutters, the speed
of the spindle being variable from 1 1 ]/>

to 156 revolutions. The table is driven

by a rack and master gear, planer fash-

ion; it has variable speeds and feeds in

either direction. The table is 1 2 feet 2

inches long by 45 inches wide.

We bring this brief notice to an end
out of regard for the reader's patience,

although only the edges of the field

have been touched upon. The milling

machine is essentially a tool for duplica-

tion. There is little or no economy
where the work is diversified and the

number of like pieces is small. The

of one of the prominent makers.
Some readers may be surprised at

the modest feeds spoken of in this

paper, as recent literature on this sub-

ject has been marked by the most as-

tonishing claims on the part of some
individuals in regard to milling feeds.

One writer has even had the boldness

to state that it was practicable to mill

at the rate of 13, yes, 18 inches per
minute. While we should hesitate to

say that all of these writers resemble
Sidney Smith's historian, who searched

his imagination for his facts, it may be
stated, without fear of substantial proof

to the contrary, that these excessive
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FIG. 22. MILLING MACHINE. DESIGNED BY PROF. JOHN E. SWEET, SYRACUSE, N. Y.

feeds, if actually obtained, were had
under racing conditions, and are no
guide for daily practice.

There has been, also, a good deal of

fanciful writing upon the milling ma-
chine " of the future, "which will do as

great a variety of work as the planer, in

as short a time as the special milling

machine. But the genius who will

discover it, must begin by discarding all

the practice and experience of the past,

for there is not to be found the slightest

sign of such a tendency.

On the contrary, the best results are

obtained from highly specialised ma-
chines, and, forecasting the future from
the past, it is far more likely that mill-

ing machine practice will develop an
infinite variety of machines, each one
designed for only one service.

CONDENSERS FOR STEAM ENGINES.

By William H. Weightman.

THE question often arises in power
practice,—When is it advisable

to use a condenser ? It may be
broadly answered,—When there are

ample cooling materials, fluids or me-
diums of any kind in sufficient quan-
tities to be applied to a ready and econ-

omical withdrawal of the final heafffrom

the steam after final use, to change it

back to water at greater or less tempera-

ture. Under such circumstances there,

of course, arises the question of obtain-

ing, handling and operating the cooling

medium without too great a cost. Al-
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though water at ordinary temperatures

is the prevailing cooling material, any
fluid, capable of being brought into di-

rect or indirect contact with the steam
or vapour as discharged, may be em-
ployed.

If, in engine practice, this heat could

be withdrawn during, and by actual,

work within the cylinder, no hindrance

being experienced through the presence

of the resulting water, the most econom-
ical condition and use of steam in en-

gines would be reached. Such not be-

ing the case, the condenser is connected

for the purpose.

Although an expensive assistant, the

fact that it develops a liberal or even a

medium profit on the investment is a

sufficient cause, and positive recom-
mendation, for its use. There may,
however, be additional uses to which
the steam, after engine use, may be ap-

plied with ready economy, the heating

of buildings, for example, of drying

rooms, of water for special uses and
similar objects. These may take up a

portion of the surplus heat and thus re-

duce the pressure of the steam, but,

except by the use of the condenser or

some equivalent, no vacuum can be
established.

The nature and latitude of the locality

of the plant has considerable influence

in the condenser problem. Equatorial

waters at comparatively high tempera-

tures are not as efficient as those of more
northerly or southerly locations. The
chemical nature, too, and the cleanly

condition of the water to be used, both
become a governing element in the

mechanical branch ofthe problem. The
use of the surface condenser, in prefer-

ence to the jet condenser, is at all times

advisable and, in fact, necessary where
the waters to be used for cooling pur-

poses contain elements and ingredients

detrimental to economical operation.

The feed water heater comes in as a

preferred assistant for abstracting the

higher degrees of heat from the steam
while on its way to a complete cooling

and condensation, a clean and high-

grade water being selected for use in

the boilers; and a jet condenser may,
by the use of lower grades of water

effect the vacuum, none of the resulting

waters being used in the boilers. This
practice is about the best for land oper-

ations, high-grade waters only passing

to the boilers, and to the cylinders as

steam, and as they are not used a sec-

ond time, none of the acquired defects,

grease or lubricant refuse from the cyl-

inder get into the boilers. Marine
practice is similar in conditions and re-

sults, although the condensed water is

necessarily retained for renewed use in

preference to the salt water. Salt water

is the cooling medium, and the surface

condenser the preferred means. On
fresh water lakes, any preferred method
may be employed.
The engine itself, its capacity and

ability, governs the size of condenser,

high or low initial pressures calling for

no greater work on the part of the con-

denser when expanded to the same
final pressures and temperatures. The
higher the initial steam pressure, the

more efficient per horse-power devel-

oped will be the condenser. The use

of steam in the cylinder at 150 pounds
initial absolute pressure, and a hot well

temperature of say 100 degrees, will give

a theoretical gain of more than 19 per

cent, in the condenser over the use of

initial steam of 60 pounds absolute

pressure.

The absolute temperature of steam at

60 pounds absolute pressure is equal to

its thermometer temperature of 307.5
degrees + 460 = 767.5 degrees; that

of steam at 150 pounds absolute press-

ure is equal to its thermometer temper-
ature of 365.7 degrees + 460 = 825.7
degrees; that of water at 100 degrees

is equal to 100 -^ 460= 560 degrees.

Then (767. 5— 560) + 767. 5 = . 2703 or

27.03 per cent, efficiency for steam at

60 pounds absolute pressure in the use

of its heat. Again (825.7 — 560) -^

825.7 = .322 or 32.2 per cent, effi-

ciency for steam at 150 pounds absolute

pressure in the use of its heat. The
comparative efficiency between the two
is equal to 32.2 — 27.03 -f- 27.03 =
.19126 or 19.126 per cent, in favour of

steam at 150 pounds.

For the cooling and condensation of

the exhaust steam or vapour down to a
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fixed resulting temperature of water, a

fixed quantity of cooling medium will

be necessary, according to its tempera-

ture. The heat has been put in by com-
bustion; it must be taken out by absorp-

tion. The mixing of hot and cold fluids

results in a mean temperature of the two,

according to the total absolute heats

contained. The colder the cooling

medium, the less will be required; the

hotter the vapour the greater the quan-
tity of heat absorbing medium will be
necessary. A pound by weight of sat-

urated steam at different temperatures

and pressures will accomplish different

amounts of work according to such

temperatures and pressures, but the

final pressure and temperature after

work is done, being the same, a like

capacity of condenser will be required.

The higher the temperatures of the

hot well and feed waters, and the higher

that of the discharge waters, the smaller

will be the amount of cooling water per

pound by weight of steam and the

smaller the condenser. For condenser
economy, it is best to expand the steam
in the cylinder to as low a final pressure

as possible. Should, for instance, this

final pressure be raised from 5 to 10

pounds absolute pressure, the required

cooling water would be raised from the

56-339, 55-7 and 12.42 pounds above
mentioned, to 66.68, 62.18 and 13.82

pounds.
About the best average conditions

under which a plant can be operated is

to expand the steam to a final pressure

of 6 pounds in the cylinder, and this to

3 pounds in the condenser, both abso-

lute, and discharge both the water of

condensation and the cooling water at

1 20 degrees Fahr. This expansion into

the condenser calls for a reduction of

temperature of the vapour from 170.

1

down to 141. 6 or 28.5 degrees and an
increased volume from 61 cubic feet to

118 cubic feet and consequent improved
exposure, calling for from 1.5 to 2

square feet of cooling surface per horse-

power developed by the engine, accord-

ing to the temperature of the cooling

water to be used.

Under such circumstances, water to

the theoretical amount of about 19

pounds at a 60 degrees temperature will

be necessary. It should, however, be
increased not less than 50 per cent, in

practice, and from 65 to 75 per cent,

for hotter waters up to 80 degrees, so
that a demand of not less than 28 to

30 pounds in temperate climates, and
30 to 35 pounds in torrid climates should
be provided for. With a scarcity of

water these amounts must be cooled by
mechanical methods in order that they
may be used again and again. For such
recooling, atmospheric air has of neces-

sity been generally used, and the im-

mense exposures and amounts of air

required, render the duty somewhat
troublesome and expensive, though
generally profitable.

In modern practice, a pump is used
for elevating the water to a tank, from
which it is sheeted or sprinkled by
gravity, in what is termed a cooling

tower, against a force of upward mov-
ing air to develop a maximum of con-

tact between the two fluids. The smaller

the particles or the thinner the layers

of sheet water, the more efficient will

be the cooling, and if a certain amount
ofvaporisation can be afforded, a quick-

er heat release will be effected, necessi-

tating, of course, the replacing of the

water lost by vaporisation, in general

practice not over 10 per cent. Quite a

number of these cooling towers are now
in use, and have rendered it possible to

make use of a condenser where prev-

iously not economical or advisable. The
water to be cooled by this means, must
necessarily be free from grease or dirt

that will adhere to the metallic portions

of the tower. It is therefore advisable

to operate it in connection with a sur-

face condenser rather than a jet con-

denser. Any economical device for re-

cooling the water may of course be used.

Referring back to the comparison of

mean effective pressures and the powers
derived therefrom, the two non-con-
densing examples differ materially in

their final pressures of 22 and 14.7

pounds absolute pressures. This differ-

ence represents a distinguishing feature

between winter and summer practice,

the extra pressure being made use of

for heating and warming purposes.
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Under such circumstances, while econ-

omy naturally arises from such winter

uses, there is still a maximum of the

heat liable to be carried off in the un-

condensed steam and water of conden-

sation. Unless, too, this water of con-

densation arising from the heating and
warming plant is carefully saved and,

with its heat, put back into the boiler,

there is a good chance of steady loss.

The building under such winter heating

becomes the condenser in fact, although

it establishes no vacuum.
By several special mechanical contriv-

ances, the steam pressure in the heater

pipes is reduced so as to balance atmos-

pheric pressure, and possibly to come
somewhat below it, but still at the ex-

pense of some portion of the original

or exhaust steam. This reduced press-

ure assures an operation of the heater

and pipes without leakage as all press-

ure is inwards instead of outwards. A
condenser plant, operated a%;the end of

the heating apparatus', would act

promptly^and effectively in the distribu-

tion of the steam, but, in a majority of

cases, would more than balance in cost

any saving it could effect, except possi-

bly by the use of the cooling tower in

connection~
F
with the condenser as al-

ready cited, and unless the building is

carefully piped, a short circuit of the

heater steam will result to the disad-

vantage of some portion of the building.

In the warmer seasons of the year,

with the heating of the building un-

necessary, a condenser could take the

place of the heater pipes and increase

the efficiency and horse-power delivery

of the engine, provided, however, the

cost of operating the condenser be not
(as it generally is in cities) too expen-
sive in cost of cooling water. The next
best thing, then, is to provide an extra

ample exhaust pipe, locate it in as cool

a place as possible, and rely upon it to

reduce the resistance to engine opera-

tion down to ordinary atmospheric op-

position.

The use of the cooling tower in cities

is seldom advisable except for extra

heavy horse-power plants, such as elec-

tric light and power plants, where im-

mense quantities of water are turned
over in the development and economis-
ing of power, and where small percent-

ages of profit combine to develop im-

mense annual savings. Even under
such circumstances special care must be
used in the manipulation of the steam
and water, so that there shall be no de-

posits of dirt and oil or other disturb-

ing elements.



LOCAL DEVELOPMENTS OF AN ELECTRIC

CENTRAL STATION.

W. S. Barstow.

^J^HE time has been rapidly-

approaching when the
;* public, realising the enor-

M& mous value of electricity as
**

;
a commodity, is no longer

' willing that the few should
I enjoy its benefits, but demands

that it be placed within the reach
1 of the many on the same basis as

I the necessities of life. Unwilling
! to wait for the fulfillment of the

• prophesies of the manufacturer as

to a reduction in price, the pub-
lic turns to its legal advisers,

thinking itself entitled to some re-

ward for the franchise which it

has granted. With the beginning of

legislation begin the worries of the

manufacturers, for in many cases legisla-

tion, fraught as it is with politics, kills

industries in its endeavour to sustain its

own popularity.

The time has already passed when
new and improved machinery alone will

accomplish a reduction in the cost, and
it remains to the central station manager
to study and plan many economies
which canbebroughtabout only through
peculiar conditions of localities. As a

doctor diagnoses a case before prescrib-

ing a remedy, so the central station man
must study the effects of locality upon
the cost of production. As the cost per
unit of the product manufactured de-

pends upon the quantity of gross busi-

ness, as well as upon the generating
economies in the cost of a single unit, it

is necessary to take every advantage,
not only of improved methods of opera-
tion, but also of new devices for utilis-

ing the product. Every company sup-
plying current has its own peculiar con-

ditions and surroundings, so that great

care must be taken that what proves
beneficial to one will not result in dis

aster to the other.

Among the many Eastern American
cities there are perhaps few places where
the effects of surrounding are so strong-

ly felt as in Brooklyn, N. Y., where the

scattered centres of population, caused
by the enrolling into one city of numer-
ous small adjacent towns which have
not yet had sufficient time to amalga-

. mate in their business interests, offer

problems of distribution uncommon to

many localities.

The Edison Electric Illuminating

Company, of Brooklyn, started in 1889
with a well constructed modern station

and six thousand 16 candle-power lamps
connected. With its only plant located

in the heart of the city proper its prog-

ress was natural and success was rapidly

attained, but after the cream of the

business had been secured it still became
necessary, as a matter of future business

interest, as well as of public policy, to

extend its operations into less profitable

districts. This called for increased in-

vestment which would not at once pay
its interest charge, and in order that the

new business might not prove a burden
on its receipts it became necessary to

force the business along the lines al-

ready laid by providing additional uses

for its manufactured product.

Thus it was that six months after the

starting of the first district station the

company began the development of the

low-tension arc lamp. In the fall of

1890, although all low-tension arc

lamps up to this time had been a com-
mercial failure in the United States, and
one of the greatest high-tension lamp

359
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experts had stated that they would
never be a success, the Edison company,
of Brooklyn, prevailed upon the Uni-

versal Arc Lamp Company and the

Electric Construction and Supply Com-
pany to furnish fifty sample lamps,

promising that, should either be able to

develop a successful lamp, an order for

500 would be forthcoming. The failure

of the Universal arc lamp and the suc-

cess of the Ward lamp are well known,
and the popularity of the low-tension

meter arc lamp can be best seen by the

following table of connections of 1200
candle-power low-tension lamps to the

system of the Brooklyn Edison com-
pany:

First year 590

Second year 91)8

Third year 1,778
Fourth year 2,600

Fifth year 3,800

Having launched its low-tension arc

lamp project, the company began to look

to an extension of business into new ter-

ritory. The fact that the gross receipts

of the company during the first three

months of operation hardly equalled its

operating expenses somewhat damp-
ened the enthusiasm of the stockhold-

ers as regards the building of additional

stations. With a view therefore of

"pioneering," underground tie line

systems were devised, and two feeders,

each 10,000 feet in length, were laid to

new distributing centres. At the ter-

minals of these were placed central sta-

tion switchboards from which extended
the Edison underground system of feed-

ers and mains. The value of this method
of entering a new district and supplying
it with current from the parent station

until it had developed sufficiently to

support a separate station can be seen
by the following result, compiled at the

end of the first year's operation.

The cost of current per unit sup-

plied to the new district was, during the

first year, only 30 per cent, of what it

would have been had the same current

been supplied by a separate station, ne-

cessarily operating at low efficiency. In

other words, the cost of current gener-
ated at the parent station plus the loss

in transmission and interest and depre-

ciation on line, was 30 per cent, of what

the current would have cost at a 24-hour
separate station at the distributing end
of the tie line. The difference in cost

showed a profit from the very start of

the new district.

This system was successful in enabling

the company to start in new territories

without loss to its net receipts. These
districts have since that time increased

in size, so as to financially warrant their

being supplied from separate stations.

In this way the commercial business of

the company has been rapidly developed
throughout the city of Brooklyn.
Up to 1892 attention had been paid

only to the commercial side of the busi-

ness, for all city lighting was being un-
dertaken by a high-tension arc com-
pany. When, however, the latter an-

nounced its intention of entering the
commercial field it was most natural

that the Edison Company should de-

cide to try its fortune in city lighting.

With no completely developed practical

system of low-tension lighting suited to

the conditions of the high-tension spec-

ifications, it, nevertheless, in 1893, ten-

dered a bid for all the street lights

along the lines of its underground Edi-
son mains. Everything was done to

prevent the company from securing the
contract, but low price and business-

like methods prevailed and the contract
was awarded, all lamps to be erected
and burning in 60 days. In this time
were developed, designed and put into

actual commercial operation 600 low-
tension street lights. With a view of

holding the contract in years to come,
every economy was carefully studied,

and although several details in construc-
tion have been modified, yet the orig-

inal system, as developed in 1892, is in

operation to-day.

One of the first problems to suggest
itself was the turning on and off of
lamps which were in connection with
continuous supplied mains. The very
large expense incurred by providing
attendants for this purpose can be seen
at once. The lamps averaged 500 feet

apart and as a twenty- minute interval

was allowed between the lighting or ex-

tinguishing of the first and last lamps it

was impossible for one attendant, walk-
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ing i}4, miles in that time, to control

more than 15 lamps. This meant the

employment of 40 men to simply attend

to the controlling of the lamps. This
would mean an expense, at $4.00 per
man, of $160 per week or $8320 per
year for the lighting and extinguishing.

In order to reduce as much as possible

this great expense a clock switch was
hastily devised for the purpose, at a

total first cost of $3,600 and a total

maintenance and repair cost of $2,800
annually, and this switch is still in suc-

cessful operation, completely controll-

ing at present more than eight hundred
street lamps at a saving of about $5,000
annually.

The successful installation of a low-

tension street lighting system and its

ornamental character and good service

soon gave the Edison Company the op-

portunity of purchasing the entire stock

of its competitor in street lighting, the

Citizen's Company, with its valuable

overhead franchise. After all final ar-

rangements of ownership were com-
pleted and the efficiency of the new
high-tension system was increased by
remodeling the Citizen's stations, it was
decided to extend the usefulness of the

overhead franchise by the installation of

an alternating current system which
should "pioneer" in those districts

beyond the reach of the present Edison
underground mains and tie line sys-

tems, and thus prepare the way for ad-

ditional low-tension stations.

Appreciating the great advance that

was being made in alternating distribu-

tion, it was necessary not only to adopt
the very best system for the purpose in

view but also to so modify the system
that it would fulfill all the requirements
of local conditions. If the system was
to prepare the way for an Edison three-

wire low-tension underground system,

it must conform to it as much as possi-

ble from the start, so as to reduce the

loss in investment when the change was
made. Therefore a careful study was
made of single, two, and three-phase,

and mono- cyclic systems, and the two-
phase system was adopted as being
most similar to the Edison three-wire

system in mechanical details.

In this system all feeders are four-

wire and are constructed overhead.
The mains in the city are underground
Edison three-wire mains, a large man-
hole taking the place of the feeder junc-

tion box. In this manhole are placed

two large transformers for not less than

300 lights each. Thus, a complete
secondary three-wire distribution sys-

tem is formed and to it are connected
regular Edison three-wire services and
three-wire system of house wiring.

Mechanical meters are used and the en-

tire secondary system is modelled and
constructed similar in every respect to

the Edison three-wire underground sys-

tem. In fact the entire network of

mains can be disconnected from the

high-tension distributing alternating

feeder, and connected with a three-wire

low- tension feeder with no knowledge
whatever to incandescent customers.

Such an arrangement enables the com-
pany to install permanent underground
distributing mains which, at a later day,

can be at once connected to a standard

Edison low- tension system, and the high-

tension feeder, supplying them, can be
extended into new territory beyond.

Brooklyn, unlike many neighbouring
cities, has numerous small summer re-

sorts whose period of active life lasts

about four months, and these months
represent the lowest output of the large

Edison system. In order to secure the

benefit of this class of business, at the

beginning of the present year feeders,

eight miles in length, were extended to

these popular resorts and many profit-

able contracts were made. This load

will equalise the work of the steam
plants of the Edison company in such a

way that high steam economy in the

stations is maintained throughout the

year. Thus, under one roof and con-

nected to the same boiler plant, on dif-

ferent engines, operate the low- tension

Edison city and the alternating subur-

ban resort systems, whose combined
outputs so vary during the year that

they counterbalance one another.

In order to effectually reduce to a

minimum the cost per unit in a generat-

ing station, it is necessary to increase

the number of units output so as to les-
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sen as much as possible their share of
fixed charges, and also to reduce the
cost per unit manufactured by station

and distribution economies. The city

low-tension lighting system, by making
the minimum load of the station equal
to its smallest unit at full load, has made
it possible to operate the plants at a
high point of efficiency as regards coal
and labour costs. With the latest and
most reliable machinery in operation,
the cost of repairs has been maintained
at a low figure, the sum of $450 per
month representing the entire cost of
all steam plant repairs to three stations

aggregating 8000 horse-power operat-
ing at a maximum. The repairs to the
electrical plant in the same stations aver-
age $150. All detailed accounts of
operation of the company are '

' per kilo-

watt hour," so that any fluctuation in

the cost of the different items of manu-
facture, distribution or general expenses
can be seen at the end of each week

and investigation made at once.

While the company has, year by year,

increased its efficiency in cost of prod-

uct, it has not neglected the customer.

At the beginning of the present year, a

general reduction was made in the price

of current which effected, to a marked
degree, the customers of the company.
The schedule of discounts is based upon
the meter readings, on hours burning per

16 candle-power lamp per month, and
also considers the size of the installation.

In this way the company is protected in

the case of poor customers, the small

but good customers are satisfied, and
large customers are shown the advan-

tage of good central station service.

Thus the company by good service,

a voluntary reduction in cost and price

of product, and its business policy of

reaching out for new business has been
able to preserve the good will of the

public, the keynote of the success of all

corporations.

A MECHANICAL COKE-DRAWER.*

By Robert A. Cook.

AMONG the new devices for cheap-
ening the cost of material enter-

ing into the manufacture of iron
is the mechanical drawing of coke, by
which the coke from bee-hive ovens is

extracted with a minimum of manual
labour.

About twenty years ago, an ordinary
plate-conveyor was put in use at the
plant of bee-hive coke-ovens owned by
the firm of Bell Bros. & Co., near Mid-
dlesboro, England. This conveyor ran
close along the front of the ovens, and
carried the coke to the cars. The ovens
were drawn by hand, and a very great
saving in cost was secured, as one man
could draw and clean out twice as many
ovens after the conveyor was put in use—he having no forking to do, and the
coke being carried away as fast as it was
drawn to the mouth of the oven.
The next step was further to eliminate

* A paper read before the American Institute of
Mining- Engineers.

hand-labour as far as possible, and Mr.
Thomas Smith, of the Thorncliffe Iron

Works, near Sheffield, patented in 1891
the machine for drawing coke which I

here describe. This machine, the out-

come of several years of experimenting,

has been in successful use since 1891,

and there are between twenty and thirty

of them in operation at present, and
others are building.

The machine, as may be seen from
the accompanying illustrations, consists

of a wedge-shaped shovel of proper
width and thickness, connected with a

steel rack of sufficient length to reach

the back of the oven. The rack is sup-

ported by rolls, and guided by a device

operated by a hand-wheel, which directs

the shovel in the oven. The rack is

driven by a pinion on a vertical shaft

carrying a bevel-gear on the upper end.

This bevel-gear is driven by another on
the engine shaft.

The engine is single cylinder, with
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DRAWING COKE BY MACHINERY.

reversible gear, and engine and machine
are mounted on a truck, which is pro-

pelled along the track in front of the

oven by a worm and gear, connected
by a clutch to the engine shaft. A 9
horse-power boiler, on a separate truck,

is coupled to the machine and gives

ample steam both for propelling and
operating.

In entering the oven, the shovel runs
under the coke, and as the shovel is

withdrawn, the coke, dropping behind
the thick end of the wedge, comes with
it. The first of these machines to work
in the United States was made from
English drawings, by Messrs. McLan-
ahan & Stone, Hollidaysburg, Pa., and
has been in operation for the past few
months at the plant of the Latrobe Coal
Company, Latrobe, Pa. There is also

at the same plant an English-built ma-
chine, imported trom the Thorncliffe

Iron Works.
The Latrobe plant, consisting of a

block of thirty bee-hive ovens, is just

finished and has been in operation for

scarcely a month. It cannot furnish a

full day' s work for one drawer, as there

are only fifteen ovens to be drawn daily,

instead of from thirty to thirty-five,

which is within the capacity of the ma-
chine. A green hand on the extractor

is now drawing four 12-foot ovens per

hour. Of course, the machine cannot

get around the jambs, and take out the

last of the coke. This is done by hand,

and takes from five to ten minutes per

oven.

In England, one boy operates the

extractor; one man waters; one man
levels the ovens and lutes up, and one
man rakes out after the extractor, for a

plant of sixty ovens. As the ovens of

the Latrobe plant are built in double

rows, parallel to the railroad, there are

two lines of conveyor running to the

end of the block, where a cross-con-

veyor running at right angles to the

other two, rising at an angle of 1 to 4,

takes the coke from them and elevates
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ANOTHER VIEW OF THE .MACHINE.

it to a chute, from which it is drawn
into the car, after passing over a screen

to remove the braize.

To the question, what effect this me-
chanical work produces on the coke, I

can answer that the extractor does not
break it any more than, if as much as,

hand-drawing; but there is some break-
age in the screen, and in looking at a

car of screened coke, the fine is seen on
the top while the coarse pieces run to

the sides. The coke, once on the con-

veyor, does not move until it reaches

the end and drops on to the cross-con-

veyor.

As regards the expense of operating,

the same number of men will operate
the extractor and conveyor and draw
the ovens, but the cost will vary with
the wages of different localities. The
following men are required:—One man
at the conveyor engine (unless it were
run by central power plant), who could
operate several conveyors and attend to

oiling, etc. ; one man to water the coke;

one man to run the extractor; one man
to rake out, and one man to lute up
and level. This number of men is em-
ployed at several plants now operating

in England. These extractors can be
used without the conveyor, and the

changes to be made in old ovens are

simply to widen the oven-doors and
then to lay a track in front of the ovens.

It may be of interest to know what
wages are paid for drawing ovens in

England in the Yorkshire district. For
hand-drawing they pay 45 cents (1 sh.

iod.
)
per oven. This includes water-

ing, levelling, drawing and loading on
cars. The per diem wages for drawing
with the extractor are, $1 (4 sh.) for

engineer, 62^ cents (2 sh. 6d.) for the

extractor-runner and 75 cents (3 sh.)

for the man who waters; 5 cents (2^d.)
per oven is paid for cleaning out after

the extractor and 7 cents (3^d.) for

levelling, or a total of 19.9 cents (about

iod.) per oven, against 45 cents (ish.

iod.) for hand-drawing.



FILTERING FEED WATER FOR STEAM BOILERS.

By W. H Ode//.

OME fifteen years

since, the writer,

who was at that

time office manager
»;1I: and engineer for a

well known firm of

water tube boiler

builders, was im-
pressed with the nece-

ssity of finding some
way to prevent the-

formation of scale in

steam boilers. Hav-
ing used about all the

boiler compounds at

that time on the mar-
ket, as well as all the

devices that seemed
feasible, but without entire success, it be-

came evident not only that it was useless

to attempt to keep a boiler clean by add-

ing impurities with the feed water, but

also that no mere skimming or gravity

device would answer, and that the only

solution of the problem must come
through some positive mechanical

process that would free the feed water

of its impurities.

While trying to solve this problem
attention was called to a proposition

made by a well-known firm, who man-
ufactured feed water heaters, to erect a

feed water purifying plant along the

line of one of the prominent railroad

companies, and the construction of this

device was watched closely from day to

day in the hope that success would
crown their efforts. The arrangement
consisted, in substance, merely in heat-

ing the feed water up to a temperature

of about 300 degrees Fahr. with steam
supplied by the boiler that ran the tank

pump at the pumping station, the ex-

pectation being that this heating of the

water would granulate the impurities

which would fall to the bottom of a set-

tling tank, while the purified water
would be stored in the water tower
ready for the locomotives.

Though the scheme was a commer-
cial failure, it was, as far as the writer

knows, the first step in the series of

experiments that have led up to the suc-

cess of the present day, and in this light

it is interesting as an object lesson.
"

It

should be stated that the mere heating
of the water did throw down a large

percentage of the impurities that the
water contained, and there is no ques-
tion in the writer's mind that, if the
business had been properly managed, it

would have been a success at that time.

In laying the delivery pipe from the
purifier to the water tower no provision
had been made for expansion and con-
traction, and as this pipe was about 600
feet long and subject to great changes
in temperature, it was continually leak-

ing which, of course, necessitated fre-

quent shutting down for repairs. In ad-
dition to this the boiler and pump which
had been furnished by the railroad

people, were old and worn out and were
a continuous source oi trouble. The
boiler especially was unable to carry the
pressure necessary to heat the water in

process of purifying to a sufficiently

high degree to thoroughly granulate
the impurities.

The many break-downs, and the fail-

ure to accomplish results finally dis-

gusted the railroad company, and the
whole plant was thrown out, but it was
while watching these experiments that

the writer became convinced that the

use of a good filter in connection with
the device would supply the missing
link.

The next step was in the nature of an
accidental discovery. A manufacturing
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concern was using water for boiler feed

that became very muddy after each

heavy rain storm, and they were in-

duced to purchase a closed filter through
which to pass the feed water and free it

from the impurities in suspension before

it entered the boiler; but in place of us-

ing a common feed pump this firm used
a return trap of their own construction

to force the feed water into the boiler.

Just how this filter and trap were con-

nected to the boiler it is impossible to

state at this late day, but by some over-

sight the engineer left a valve open at

the close of a day's work, in such a way
that all night long, or as long as there

was sufficient steam on the boiler to

keep up the circulation, the water passed

back through the filter and was re-

turned, refiltered, to the boiler by the

trap.

Upon coming to the works on the fol-

lowing morning it was noticed that the

water in the glass gauge was wonder-
fully clear and sparkling rather than of

the usual milky appearance, and that the

filter contained an unusual amount of

impurities. Investigation soon dis-

closed what had been going on over
night, and the matter having been
brought to the writer's attention, an
arrangement was soon reached by which
an outfit was furnished for further ex-

periment along this line, and a friend

consenting to have the experiment tried

on one of his three horizontal tubular

boilers, a small plant was duly erected

there, the central boiler of the nest be-

ing selected for the trial.

Examination disclosed the fact that

this boiler was quite badly scaled, and
that the scale was largely composed of

sulphate of lime, which, as is well known,
is of a hard flinty nature, very difficult

to remove. A space on the bottom of

the shell, and directly over the fire, was
thoroughly cleaned, and as this cleaned

space was directly in front of the hand
hole it could be watched very closely.

The filter used in this case was about 18

inches in diameter and 60 inches high,

divided into upper and lower compart-
ments. The lower compartment was
nearly filled with fine sharp sand which
formed the filter bed, while the upper

compartment was used to wash the sand
after each day's run. After that it was
returned to the lower compartment,
thoroughly cleaned, and the filtering

process was continued.

No change was made in the feed

pipes, and the feed water with all its

impurities was continued to be pumped
directly into the boiler; but the blow-off

from the boiler was connected to the

filter, after passing through which the

water was returned, minus its impurities,

to the boiler by the use of a steam trap,

thus keeping up a circulation from the

boiler through the filter and back to

the boiler. The soda test showed but

slight traces of lime in the water after it

had passed through the filter.

Careful measurements of the amount
of feed water used each day, in connec-

tion with analyses of it, showed how
many pounds of impurities went into

the boiler. The filter was shut off for

a few minutes every day and the sand
was thoroughly washed. The impuri-

ties obtained at each washing were care-

fully collected and dried, and it was thus

demonstrated that more impurities were
obtained from each day's run than the

analyses showed as contained in the

amount of water used, the excess, of

course, coming from the boiler, and in-

dicating that the latter was gradually

being cleaned.

As the circulation through the filter

was kept up for several hours after the

fires were banked at the close of each

day's run, the water in the boilers on the

following morning was remarkably clear

and sparkling and some of the em-
ployes concluded that it would be very

nice for drinking purposes. A pail full

was, therefore, drawn from the filter

and cooled down, but they did not

drink it. It had an odour that was far

from pleasant and the taste was decid-

edly flat, and was about as deceptive as

a half-ripe persimmon.
The boiler was opened each week,

and the space on the shell that had
been scraped clean was carefully exam-
ined, but at no time was there any in-

dication of the formation of new scale,

and after four weeks' run it was decid-

ed not only that there was no new
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scale forming, but that the old scale

was gradually working loose. As a

matter of fact, after some four months'

use the old scale was so far removed
that the tubes began to leak and had
to be re-expanded. There is no ques-

tion that this simple process will keep
any form of boiler clean when using the

hardest kind of fresh water, but as for

its efficiency on sea water, no opportun-

ity has presented itself for testing it.

All the indications, however, are that

even here it would be a success.

The experimental plant above re-

ferred to, although intended only for

one of the boilers, was so far successful

that it was used on all three boilers with

the most satisfactory results until the

factory was burned down, and when it

was rebuilt a similar device was put in

and, as far as known, has given the

most satisfactory results for a number
of years.

The success of this experimental plant

stimulated others to copy after it, and
one of the most successful of these adds

a small amount of soda ash to the feed

water, and filters it before pumping it

into the boilers. The arrangement is

very successful, but, like most good
things mechanical, the first cost of a

plant is rather high and this causes

many boiler owners to defer purchas-

ing.

One objection to the device, and
about the only one, except the first cost

of fitting up, is the daily care necessary

to insure its proper working. As the

filter must be washed out each day to

keep it in best condition, and as this

washing takes from twenty to thirty

minutes' time and is a hot, nasty job,

some engineers do not take kindly to

it, and in such cases it might prove un-

satisfactory; but the incompetency, or

neglect of any one in charge, should
not be charged up against the outfit, as

no machine will run any great length

of time without attention, and it is with

this as with other machines,—the better

the attention, the better the results.

As there is no valid patent on this

method of keeping a boiler clean, any
one who is so inclined may rig up his

own device. The only essential feat-

ures are, sharp sand and a device that,

while permitting the water to pass
through after it has been filtered, will

yet keep back the finest kind of sand;

but as there are now on the market so
many good filters (and some very poor
ones) there should be no trouble in

finding a suitable one. It should be
made strong enough to stand the high-

est pressure to which the boiler would
be subjected under every-day working
conditions. It should also be so ar-

ranged as to permit of quickly and thor-

oughly washing the filter bed without

undue waste of water.

Given a good filter and some suitable

means of circulating the water, any
boiler owner who installs a plant of this

kind in a section where much lime is

contained in the feed water, will find

it a well-paying investment. It will

not only do away with all expense of

frequent cleaning of boilers and greatly

reduce the cost of repairs, but it will

also greatly lengthen the life of a boiler.

In a section of country where the water
is so bad that the life of a boiler is only

from nine to fifteen months, this device

has been in use on the same kind of

boilers for a number of years with prac-

tically no expense for repairs. It does
not need any argument, moreover, to

prove that from 20 to 50 per cent, more
water can be evaporated per pound of

fuel with a well-arranged, clean boiler

than with one that is badly scaled, 'and

that the danger from a clean boiler is

much less than from a dirty one, is self

evident.

As illustrating the necessity of having
the filter strong enough to stand any
possible strain that might come on it

from the boiler, a case may be cited in

which a large filtering plant was fitted

up to remove the impurities from brine,

used in the manufacture of dairy salt.

The filters, of which there were two
large ones, were calculated to be of

sufficient strength to stand a pressure

of 50 pounds, but it was not intended

that more than from 20 to 30 pounds
pressure should be carried on them,
and they were fitted with gauges to in-

dicate the pressure. The scheme was
to have a jet of steam of 200 pounds
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pressure strike the brine in the form of

a fine spray in a closed tank and thus

throw down the impurities, which were

to be removed in passing the brine

through the filters. The tank in which

the steam and brine came in contact was
made strong enough to stand the boiler

outlet could carry it off, the pressure

would increase on the filters, but this

increase of pressure would be gradual,

as the entire contents of the filters would
have to be increased in temperature to

correspond with the increased pressure.

However, when the writer saw this ar-
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pressure, and, as a matter of fact, the

pressure on the boiler and tank was the

same. The brine after this treatment

was led to the filter, the pressure on

which was controlled by a series of plug

cocks on both the inlet and outlet pipes

to and from the filters.

It will be understood that in case the

outlet cock from the filters should be-

come partly clogged up, so that the hot

brine, with 200 pounds pressure behind

it, should enter the filters faster than the

rangement he concluded at once that it

was a very dangerous one and urged

that a safety device should be attached

to prevent the possibility of an explo-

sion in case the man in charge, who
was supposed to regulate the pressure

on the filters by manipulating the inlet

and outlet cocks, should become care-

less or negligent; but as the writer had

no authority to enforce his suggestions

his advice was ignored under the plea

that as they had operated the apparatus
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some three months without trouble they
" guessed they could continue to oper-

ate it without assistance from outsid-

ers.
'

'

It was but a few days before the ex-

pected did happen. The pressure, in

some way, accumulated on the filters

and they exploded, killing several men,
wrecking the place and eventually caus-

ing a loss which brought the company
to bankruptcy. In addition to

this, what at one time promised to

become a valuable industry was
blotted out of existence.

While this case is referred to

primarily to show the necessity of

making the filters of ample strength

to stand any pressure to which they
might be subjected, it might also

be referred to as an illustration of

the efficiency of the sand filter in

separating the impurities by merely
first subjecting the brine to the ac-

tion of heat. As stated above, the

brine in the form of spray was
brought in contact with a jet of

saturated steam and this simple

process which was performed in a

rather crude and inefficient manner,
was sufficient to separate about 96
per cent, of the bittern, so that it

was possible for the filters to get

hold of and retain it. It is quite

possible that even a greater per-

centage of the impurities could

have been separated if the device

had been more carefully operated.

As to the cost of operating a

plant of this kind, it may be said

that to the heat lost by radiation,

which can be computed on the

surface exposed, we must add the

cost of the soda ash if any be used.

While the process described will

keep a boiler clean without the

use of soda ash, yet when the

extremely low cost of the latter is

taken into consideration, it would
seem advisable to use it. Experience
has shown that it requires a trifle less

than one grain of soda ash to precipitate

one grain of lime sulphates and chlorides

and it is merely a question of the num-
ber of grains of impurities contained in

an amount of water sufficient for a day's

5-4

run, to determine the cost of the ne-
cessary amount of soda ash. Under
ordinary conditions about ten cents per
day will pay the cost for a 500 horse-
power boiler plant, but just what the
cost of running such a battery of boilers

on bad feed water is it is difficult to

compute.
It may not be out of place to say

in this connection that an effectual

WASTE PIPE
CONNECTING WITH

SEWER

and inexpensive way of proving the

efficiency of sand as a filtering ma-
terial, and, at the same time, pro-

viding a good filter for domestic pur-

poses is to get a piece of galvanised

rain water leader pipe about 40 inches

long and 4 inches in diameter. Through
one end fasten a wire from which to

suspend it. Over the bottom end
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fasten four thicknesses of cheese cloth

to hold back the sand. Get some clean,

sharp, and fine building sand, which
first wash thoroughly to remove any
clay that it may contain. Then fill to

within about six inches of the top.

Pour the water to be filtered on top of

the sand and wait about a minute for

the results.

This simple filter is so effectual that

it removes all trace of algse, which give
that objectionable fishy taste to some
waters that in all other respects are ac-

ceptable, and, surely, when a filter is

sufficiently effective to remove an odour
it is about all that can be asked for, or

expected for the price.

As a matter of fact, this simple sand
filter is more effective and satisfactory

in every way than some of the domestic
filters that are on the market at relatively

very high prices.

To what has thus far been said it may
be interesting to add a few illustrations

and particulars of several filters which
are now in satisfactory use in the United
States. The illustration on page 368
shows a vertical form constructed by the

New York Filter Company, of New
York, and a brief description of this

will cover the essential features of

almost all.

The tank is filled with sharp, fine sand
up to the line of rivets connecting the

bumped head. The water to be treated

enters atA and, with the proper adjust-

ment of valves, passes to the top, then

slowly down through the sand to the
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cone valves cemented into the bottom,

and thence up to the outlet pipe B to

the boiler or wherever wanted.

As the impurities lodge on the top

surface of the sand it becomes necessary

to frequently wash them out, or the

whole device would become clogged

up. This washing is easily and effect-

ually done by merely severing the flow

of water through the filter-bed by the

proper adjustment of the inlet and out-

let valves as will readily be suggested
by an examination of the valves and
piping.

By closing the valve directly over the

inlet pipe A and on the outlet pipe at

B, and opening the valve that connects

the inlet and outlet pipes, and also the

valve on the waste pipe, the water will

flow up through the filtering material,

carrying off all the impurities through
the waste pipe C to the sewer.

It will be noticed that the cone valves

in the bottom of the filter are attached

to three lines of piping, each pipe being

provided with a stop valve outside the

shell, and when washing out, it is advis-

able to have the entire flow of wash
water go through each valve separately.

This permits of the washing of about
one-third of the filter-bed at a time and
gives the sand a scouring action that is

very effectual in cleaning it of every

particle of impurities, and restoring it to

its original condition. The intervals

between these washings will depend in

a great measure on the amount of im-

purities contained in the water that is

to be filtered, but, on an average, about
once each day is sufficient.

On page 369 is shown a smaller filter

made also for household purposes by
the same company. The cut shows a

coagulating tank connected to the filter.

The unfiltered water enters this tank at

I, and, after passing through it, enters

the top of the filter, passes down
through the sand and is received in the

basin at the bottom of the tank from
which it is piped up the outside of the

filter tank to the pipe marked B, which
may be connected to the boiler or the

house service. The arrows plainly in-

dicate the direction of the flow of the

water which is controlled by the oper-

ating valve, the handle of which is

marked H.
To wash the filter, this handle is

shifted so as to reverse the current of

water which then enters at the bottom
of the filtering bed, passes up through
the sand and out through the pipe
marked C to the sewer or waste water
pipe. As the water begins to flow up
through the sand the crank E, that

connects with an agitating shaft, should
be turned slowly. This thoroughly
agitates and scours the sand, loosening

such impurities as have adhered to it,

so that they may be carried out with
the flow of the water to the sewer. A
sight glass at T shows when the water
runs clear, or when the sand is thor-

oughly washed, and the handle H is

then put back to its original position,

and the process of filtering is resumed.
To fill and make use of the coagulat-

ing tank, all that is necessary is to close

the small lever valve K, remove the

cover Q, and drain out the solution by
opening the waste valve P. Then fill

the tank with coagulant material, gen-

erally crystal or lump alum, fill up the

interstices between the lumps of alum
with water, replace the cover, open the

small lever valve K, and go ahead.

The amount of coagulant to be used
must be determined by experience, but
generally, if the lever is placed at the

first hole in the dial, it will be found
sufficient.

The cut on the opposite page is an ex-

terior view of what is known as the Bun-
nell filter. Its interior construction and
operation is virtually the same as that

of the New York Filter Company and
is introduced here principally to show
the arrangement of pipes to introduce

a soda solution into the water before it

is filtered, the makers claiming this to

be a desideratum as it helps to separate

or granulate the impurities, so that the

filtering material can do more effective

work.
While the external appearance of the

various makes of filters on the market
are much the same the real point of dif-

ference is in the devices for holding back
the sand while permitting the water to

pass through freely.



STEAM TURBINES.

Their Advantages and Disadvantages.

By Professor John H. Barr.
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HE last few years

have witnessed
a revival of not

a little interest

in the earliest

type of the

steam engine,

known in its modern
form as the steam tur-

bine. Until quite re-

cently, these early de-

vices were looked upon
as mere mechanical

toys, but, of late, they

have acquired a new in-

terest, owing to the

similarity between some
of them and certain

forms of the steam turbine now on the

market.

The first steam motors of which we
have any record were of the reaction

type. In the celebrated engine of Hero
of Alexandria (200 B. C), the steam
generated in the lower vessel was con-

ducted by means of a hollow trunnion

to the pivoted sphere, from which it

escaped through the bent outlet pipes

to the atmosphere. The escape of this

steam caused the sphere and bent tubes

to rotate by reaction.

Branca' s engine (1629), shown on the

next page is very suggestive of the mod-
ern turbine; it especially resembles the

De Laval construction. This old device

is simply a boiler with a steam pipe term-

inating in a nozzle from which the es-

caping steam impinges upon the vanes

of a properly supported wheel.

Both of the preceding illustrations are

drawn from the
'

' History of the Growth
of the Steam Engine," by Dr. Robert
H. Thurston, to which those interested

372

in the development of the engine are

referred. The scope of the present
paper does not permit any extended
historical sketch.

An attempt will be made to discuss

some of the principal advantages and
disadvantages of rotary engines in gen-
eral, and of the turbine form of such
engines in particular. Most engines

are employed to produce rotation of a

shaft, and the manifest advantage of an
engine of the rotary type, on the score

of simplicity of transmission, has led to

innumerable attempts to displace by it

the standard engine with its reciprocat-

ing piston, its connecting rod and crank.

In point of connection with the driven

shaft, economy of space, and balance at

high rotative speeds, the rotary engine
has strong claims upon the attention oi

inventors.

Rotary engines of the piston type

fs?i

HERO S ENGINE, B. C. 200.

have, however, never met with general

success, the great obstacles having been
encountered in maintaining steam tight

piston packing, in constructing prac-

ticable valves, and in avoiding excessive

friction. These engines retain the char-
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actersitic defects of the reciprocating

engine, such as cylinder condensation

and re-evaporation, clearance losses,

and defective steam distribution, and
have usually exhibited these faults in

an excessive degree.

The steam turbine has many of the

mechanical advantages of other rotary

engines, while it is absolutely free from
the most serious avoidable waste of the

piston form of engines, viz. , cylinder

condensation and re-evaporation. In

any of the piston engines, either recip-

rocating or rotary, steam enters the

cylinder at a temperature corresponding

tion of the mass of the cylinder is

affected by this periodic variation of

temperature, and this portion of the

metal does not undergo the full range
oftemperature due to the working range
of steam temperatures. However, the

effect of this method of operation, re-

sulting in a condensation of steam dur-

ing the early portion of the cycle, and
a re-evaporation of it during the latter

part, introduces the most serious loss,

next to the necessary thermodynamic
loss, experienced in the operation of the

steam-engine. This loss is greatly

aggravated by the presence of moisture,

branca's steam engine, a. d. 1629.

to the initial pressure, and is exhausted
from the working chamber at a lower
pressure and temperature. The inter-

nal surfaces of the cylinder tend to take
the temperature of the entering steam
during the admission period, thus ab-

stracting heat from the steam and caus-

ing a corresponding amount of conden-
sation. During the exhaust period the

temperature of the steam is below that

of the confining walls, and the metal
then gives up heat to the escaping
steam. With a sufficiently long ex-

posure to the steam, the temperature
of the walls and of the steam would be-

come the same.
In practical operation, the time of

continuous exposure of the walls to

either the higher or the lower temper-
ature is so short that only a small por-

either carried over from the boiler, or

due to the initial condensation in the

engine.

If steam could be kept perfectly dry
durnig the early period of the cycle, the

loss would be greatly reduced, as dry
steam, or a gas, is greatly inferior to

wet steam in heat-conducting capacity.

If either the fluid or the material of

which the internal surfaces of the cylin-

der are composed could be a perfect

non-conductor of heat, this thermal loss

might be avoided. With highly super-

heated steam, and with gas engines,

the transfer of heat between the work-
ing fluid and the cylinder walls is thus

greatly retarded, but is not absolutely

checked.
Numerous attempts have been made

to line the cylinder with enamel or
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some other coating of inferior conduc-

tivity, but this expedient has never
passed beyond the experimental stage.

The effect of internal condensation in

the cylinder is quite analogous to leak-

age past the piston. In the one case,

heat escapes from the working to the

exhaust side of the piston, that is from
the boiler to the exhaust, without useful

effect, by entering the walls of the cyl-

inder during the early part of the cycle,

and by emerging during the latter part.

In the other case, heat escapes from the

boiler to the exhaust by direct flow, in

the steam, around the piston packing.

In both cases the heat thus wasted in

one cylinder maybe usefully applied in

the succeeding cylinder of a compound
engine.

In addition to the methods for reduc-

ing cylinder condensation which have
been indicated above, other expedients

have been adopted for a similar pur-

pose. Compounding has been highly

successful by reducing the temperature
range in any one cylinder, for a given
total range between boiler and exhaust.

High rotative speed tends to decrease

the loss, other things being equal, by
reducing the time of exposure of the

walls to temperatures either above or

below that of their internal surfaces.

Steam jacketing is often an effective

remedy by keeping the steam which
passes through the cylinder more nearly

dry. While all of these methods have
done good service they, at best, afford

only relief ; none of them effects an ab-

solute cure.

The steam turbine is entirely free

from any loss corresponding to that

treated in the preceding discussion, in-

asmuch as it has no surfaces exposed,

in regular operation, to a periodic

change of temperature. So far as the

writer is aware, it stands alone in this

exemption, as there is no other form of
heat engine in which this source of loss

is entirely eliminated. The phenom-
enon of cylinder condensation has re-

ceived the closest study for many years

from eminent scientific investigators and
engine designers. Constructors have
added the complications incident to

two, three and even four cylinders, with

their separate pistons, valves, and gear-

ing; they have provided steam jackets,

entailing extra cost of construction and
provision for drainage; and have en-

countered the difficulties of lubrication,

added wear of packing, and danger
from burning out of superheating sur-

face.

Compounding introduces other ad-

vantages than a reduction of cylinder

condensation, but so far as this consid-

eration is concerned, to what purpose
are all of these costly expedients ap-

plied ? Simply to partially overcome
the waste, to modify, but not to elimi-

nate, the evil!

The compact, modest little turbine,

consisting essentially of a revolving

wheel and its supporting frame—but

two pieces, kinematically, and no ma-
chine can have fewer parts,—in the ab-

stract the very acme of simplicity in

machine construction, and with all the

advantages ascribed above to the rotary

engine, is the only form of heat engine
offering a complete solution of the cyl-

inder condensation problem. This is,

indeed, striking, and is alone a suffi-

cient reason for deep interest.

In spite of all that has been said, the

steam turbine designer has his own pe-

culiar difficulties with which to contend.

Among the greatest obstacles to com-
mercial success of the turbine are those

due to the extreme high speed required

for efficient operation; to leakage of

steam; to friction, and to balancing the

rotating parts.

The requirements of electrical ma-
chinery have been a powerful stimulus

to the development of the high-speed
engine, largely because of the trouble-

some intermediate machinery of trans-

mission, made necessary in driving the

earlier forms of dynamo from low-speed
engines. The multi-polar dynamo has

filled the gap between the Corliss en-

gine and the electrical generator, to a

great degree, for large units, although
the result is a ponderous combined ma-
chine, expensive in money and in floor

space. The high rotative speed of the

steam turbine presents a complementary
difficulty in the transmission machinery
for "gearing down" to the delivery
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shaft. While such gearing down may
not be an absolute requirement for driv-

ing a dynamo, the absence of satisfac-

tory means of reducing the speed must
greatly limit the application of the tur-

bine. Anything effecting an ideal so-

lution of this problem is yet to be pro-

duced.

The beautifully constructed twisted

gears used in the De Laval turbine have
justly called forth high admiration, not

unmixed, however, with some grave
misgivings. They are very quiet for

gears at such high speeds, the pinions

running as high as 25,000 revolutions

horse-power, has a wheel 8 inches in

diameter, which runs at about 25,000
revolutions per minute. This corre-

sponds to a peripheral velocity of over

52,000 feet per minute. To transmit

one horse-power at this speed requires

a tangential force at the rim of only

33,000 4- 52,000 = 0.635 pounds, or

6. 35 pounds to transmit 10 horse-power.
It is evident from this that a slight fric-

tion at, or near, the rim of the wheel
will seriously impair the mechanical
efficiency.

Three of the leading steam turbines

are the Parsons, the Dow, and the De

a
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SKCTIONAL VIEW OF THE PARSONS TURBINE.

per minute in the small sizes, and the
larger gears at one-tenth this speed,
but they are not noiseless, and are of
questionable efficiency under average
running conditions. The speed factor

of the energy delivered by steam tur-

bines is so high, and the force factor is

so small, that even a slight frictional

resistance to rotation of the motor shaft

is seriously detrimental, if not fatal to

good economy. The revolving disc,

ring, or whatever supports the work-
ing vanes, must move, relatively to the
fixed guide vanes or nozzles, with very
little or no rubbing friction.

One particular turbine, rated at 10

Laval. The first two of these expand
the steam gradually from boiler to at-

mospheric, or condenser, pressure in

passing through the turbine, by action

upon a series of vanes. A description

of" the Parsons turbine, with a report of

actual tests, was given in Cassier's
Magazine for December, 1892, by
Professor Evving. One of the illustra-

tions here reproduced shows a section

through three of the six series of revolv-

ing discs. These working discs carry

annular vane rings between which are

placed corresponding fixed guide vane
rings. The steam enters near the shaft

at the left, and flows radially outward,
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DE LAVAL STEAM TURBINE DYNAMO. BUILT BY THE OEELIKON MACHINE 'WORKS,
ZURICH, SWITZERLAND.

alternately acting upon the working
vanes and being deflected by the guide
vanes. The areas of the passages are

increased, successively, to provide for

the expansion of the steam, which is

finally discharged at a low pressure into

a condenser.

The Dow turbine has a single revolv-

ing disc with annular rings, similar to

those of the Parsons, upon both of its

faces, each ring alternating with a fixed

ring in which the guide passages are

formed. In this turbine the two streams
of steam flow outward " in parallel,"

passing to a common exhaust chamber
at the outside of the casing. In the

Parsons form, the sets of annular vanes
are " in series," the steam flowing out-

ward through each set in succession,

but flowing axially with reference to the

machine as a whole, except for the last

set in which the steam is divided, flow-

ing in parallel, very much as in the sin-

gle pair of passages of the Dow form.

In both of these forms the reduction

of pressure as the steam passes through
the turbine is gradual, and any leakage

resulting in the flow of steam around,

instead of through, the working rings

is a source of loss. It is thus, for the

best results, essential to have steam
tight joints between the fixed and mov-
ing rings, while actual metallic contact,

with its resulting frictional resistance, is

very detrimental as pointed out above.

That the exceedingly difficult task ot

securing a multitude of tight, yet free,

joints has been skillfully accomplished
appears from the wonderful perform-

ances which are vouched for by high

authority. That the requirement has

been certainly met in the various forms

is not so evident, for other investigators

have reported much less favourable

economy, and it seems quite probable

that friction or leakage in the latter in-

stances may account for the unfavour-

able showing.
The De Laval design represents a

radical departure from the lines followed

by the constructors of other turbines.

A single set of vanes, cut through the

revolving disc near the outer edge, is

used with one or more nozzles for con-
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ducting the steam to the vanes. The
wheel and nozzles—removed from the

casing—are shown in the illustration on
this page, taken from the Scientific

American. The illustration very clev-

erly explains the operation. The steam
is expanded down to the exhaust press-

ure within the nozzles before acting upon
the wheel. As the pressure is equal on
both sides of the disc, there is no tend-

ency to leakage, and one of the steam
turbine difficulties is thus eliminated by
a most original method. The free ex-

pansion of the steam within the nozzle

converts the energy due to its initial

pressure into kinetic energy. The par-

ticles of steam thus impinge upon the

vanes at a very high velocity, and the

operation is that of an impact motor, as

in the well-known Pelton water wheel.

The balance of a wheel at such high
rotative speeds as are attained in tur-

bine practice is a matter of much im-

portance. It is practically impossible

to so construct the wheel that it will have
a perfect running balance, that is, so

that the centre of mass will coincide with

the centre of figure.

In the Parsons turbine the bearings

consist of several bushings fitted over
each other loosely enough to permit the

introduction of films of oil between
them. These layers by being reduced
in thickness on the side of the resultant

pressure at any instant, allow the wheel
to revolve about an axis not exactly

coincident with the geometrical axis.

The De Laval turbine disc is mounted
upon a long slender shaft, which springs

enough laterally to allow the wheel to

rotate about an axis outside of its nor-

mal geometrical axis. The continual

flexure of this shaft produces a constant

change of stress, alternating between
an equal tension and compression fibre

stress.

From what is known of the effect

of such alternating loads, it will be
seen that this action, unless quite mod-
erate, may result in final rupture. At
17,000 revolutions per minute, there are

over 1,000,000 alternations of this stress

per hour, and we need not be surprised

if such shafts frequently have short

life. In connection with this it may be
of interest to quote a paragraph which
appeared a few months ago in an
English paper. It reads as follows:

—

~H
...» _j 1 m

^ \
G. DE LAVAL S
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" The De Laval impulse engine is

making way in France. During twelve

months past the French company have
built thirty-nine plants for electrical

work, fitted with the turbines, some of

them being of 300 horse-power. From
a private letter we learn that a good
many of the flexible spindles on which
the wheels are mounted, break, and this

is not to be wondered at. This is a fad,

we may call it, of the inventor, and we
think of no importance whatever, be-

cause other more durable mechanical
expedients will answer the same pur-

pose. It is nearly impossible to per-

fectly balance a body to run at a rate

of ten to fifteen thousand revolutions

per minute, and the doctor mounts his

wheels on slim shafts that will bend,

and thus permit the wheel, like a spin-

ning top, to assume a theoretical centre

of gyration. Any kind of yielding sup-

port will do this. An engine or wheel
made here by Mr. W. A. Doble was
fixed on an overhanging shaft, which is

in effect the same thing, but the true

way seems to be in providing a movable
bearing, as in the case of centrifugal

extractors.
'

'

In conclusion a few results of trials

will be given to indicate what has been
accomplished with the steam turbine.

Professor Ewing's report (1892) on
trials of a Parsons turbine giving an
electrical output of about 100 Board of

Trade units, with steam pressure of

about 100 pounds to the square inch,

and condensing and with moderate sup-

erheating (about 30 degrees), shows a

steam consumption of about 20 to 20.9

pounds of steam per electrical horse-

power per hour. He estimates this as

equivalent to about 15. 1 to 15.7 pounds
of water per indicated horse-power per
hour. The water rate at half load is re-

ported at from 30 to 32 pounds per
electrical unit per hour, or 22.4 to 23.9
pounds per electrical horse-power per
hour.

A report of trials made upon a De
Laval turbine at Stockholm by Professor

Cederblom, with Messrs. Anderson and
Uhr, was presented at the World's Fair

in 1893. This turbine is credited with

delivering 63.7 effective (brake) horse-

power, with a water rate of 8.95 kilo-

grams (19.7 pounds) per delivered

horse-power per hour. The steam
pressure was from 108 to 122 pounds
per square inch, and the exhaust press-

ure was equivalent to a vacuum of 27
inches of mercury.
At one of the recent meetings of the

American Society of Mechanical En-
gineers, Professor W. F. M. Goss re-

ported on some trials of a small De
Laval turbine, which used, at the max-
imum load of 10.33 brake horse-power,

47. 8 pounds ofsteam per effective horse-

power per hour. In the discussion on
this paper, Mr. J. W. Lieb, Jr.

,

general manager of the Edison Elec-

tric Illuminating Company at New
York, said:

—

" It may be of interest to learn that

in a few weeks the Edison Electric Il-

luminating Company, of New York,
will have in operation at one of its sta-

tions two 300 horse-power De Laval

steam turbines with attached dynamos.
These turbines were built by the Maison
Breguet, Paris, and were ordered under
guarantee to comply with the following

specifications :

—

'

' Each 300 horse-power turbine is to

drive two Desroziers dynamos, each of

100 kilowatts (133 horse-power) capac-

ity. The turbine shaft is to run at 13,-

000 revolutions, driving at a speed of

1,300 revolutions, by means of helical

gearing, two dynamo shafts situated on
either side of the turbine shaft. * * *

If the turbines are built to be operated

either condensing or non-condensing,

as a mongrel type, with a steam press-

ure of 10 kilos per square centimetre

(142 pounds per square inch) at the

throttle, and with a vacuum of 65 centi-

metres at the condenser, the steam con-

sumption per brake horse-power is

guaranteed not to exceed 8j4 kilos

(18.7 pounds) ; with a free exhaust the

steam consumption is not to exceed 16

kilos (35.2 pounds). If it should be

contemplated to operate the turbines

ordinarily with a condenser, the guar-

anteed steam consumption will be re-

duced to 7^ kilos (16.5 pounds) per

brake horse-power. In this case the

turbine disc would have a diameter of
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0.75 meter (29 inches), instead of 0.50
meter (19^3 inches) for the mongrel
type."

While it does not seem probable

that the steam turbine seriously

threatens the standard reciprocating

engine for general power purposes,

yet the results already attained, indi-

cate that it must be reckoned with, in

its proper field, at no distant date.

It is rumoured that these turbines

have since been tested, and have shown
an economy of about 17 pounds per

horse-power. Under just what condi-

tions these tests were made the writer

is not informed.

THE INSURANCE OF ELECTRICAL PLANTS.

By R. H. Pierce.

ONE of the most serious problems
to the owner or manager of a

central station is the reducing
of the fire hazard to a minimum. The
problem of safety is the real question,

and when this is solved we at the same
time solve the problem of insurance.

In the opinion of the writer, the in-

surance question which the central

station manager has to answer is simply
the question of making his plant insur-

able. This may appear to be a radical

view, but I believe it is logical. A
large proportion of existing plants were
installed at a time when the electrical

manufacturers and electrical construct-

ors did not understand what materials

and methods should be used in order to

secure safety; and finally, and worst of

all, many plants have been installed by
companies or individuals whose only
thought was to get the largest price for

the cheapest installation, leaving the

unfortunate station owners and man-
agers to wrestle with the question of

safety, as well as of reliability and
economy. But however serious the

question may be, it must be met and if

attacked in the right way, the solution

may not be as difficult as it at first ap-

pears.

The results of a central station fire

are twofold:—First, there are the losses

due to interruption of service; and sec-

ond, there is the loss of plant. I have
placed the losses due to interruption of

service first, as these must be consid-

*From a paper read before the Northwestern
Electrical Association, U S.

ered whether we consider the question

of insurance or not. The interruption

of service for any considerable time, or

a decrease in patronage due to irregu-

lar or uncertain service may, and often

does, mean a difference in revenue,

which is the difference between a profit

and a loss in the operation of the sta-

tion, and operating a station at a loss is

worse than losing it.

The way to secure safety and relia-

bility is to have proper construction

and proper care, protection and attend-

ance. The proper methods for secur-

ing safety are laid down in the rules

and requirements of the National Board
of Fire Underwriters and are well known
to all engineers and constructors of any
standing.

The question of insurance can be met
in three ways:—First, by insuring in

responsible and reliable insurance com-
panies; second, by the formation of a

mutual company by central station own-
ers; third, by securing the maximum
safety through the use of proper con-

struction, care and fire protection, and
taking the chances of a fire loss.

As a general proposition the only

reasonable course is the first one indi-

cated, namely, the insuring in respon-

sible and reliable companies. The plan

of forming a Central Station Owners'
Mutual has been " weighed in the bal-

ance and found wanting." Theoreti-

cally, it may be possible to form such

a mutual company, but it would be an
additional burden to the central station

business, which, I take it, has trouble
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and problems enough to face already.

If fire insurance is a legitimate business,

—and it appears to be as legitimate a

business as electric lighting—then we
may as well assume that the insurance

people know their business and that the

competition between insurance com-
panies will produce as low a rate as

could (with equal protection) be given
by a mutual company. The third method
mentioned, of securing maximum safety

and then taking the chances, may be
the best in some, but only in very
special cases. If the central station

plant is so designed, installed and op-
erated as to reduce the fire hazard to a

minimum, insurance companies will ask
a minimum rate of insurance which, in

most cases, will be so small as to be no
burden to the owners. Discarding
then the two plans just mentioned, we
are brought to the first plan of insur-

ance in reliable companies. Accepting
this as our line of action, the problem
now is to so install and operate our
plants that the hazard is reduced to a

minimum or at least to a point where
further improvements would increase

the cost out of proportion to the ad-

ditional safety secured.

The great problem is, as I have said,

how to best secure safety. Competi-
tion in the electrical manufacturing and
construction business has not led to in-

creased safety. On the contrary, it

has led to cheapness in both appliances

and methods, and cheapness does not

mean safety. On the other hand, we
must not think that we must be extrav-

agant in order to have safety. The use
of proper methods of construction and
of intelligence and care in operation are

what is most necessary to secure safety.

If, however, we cannot look to the

electrical companies for protection, to

whom shall we look ? Who should
judge of what is necessary for safety ?

Who has devoted most time and thought
to this subject ? The National Board
of Fire Underwriters beyond a doubt.

Whether we insure or not, the regula-

tions of the underwriters are to-day the

best, and, we may say, only guide to

safety. Their requirements can of

course be improved, but the insurance

people are ready and anxious to receive

suggestions from all engineers and cen-

tral station men. I sincerely believe

that a study of the requirements of the

underwriters, and a free discussion of

their merits by central station men and
engineers is the one thing that will lead

to an understanding of the insurance

question and will eventually lead to an
understanding between owners and in-

surance companies, which will be mut-
ually satisfactory.

Every one of the underwriters' rules

represents thought, investigation and
experience.

The base rate of the rate of insurance

for central stations which conform in all

respects to the requirements of the un-

derwriters is 50 cents per $100. For
every point in which a station fails to

conform to the requirements, a certain

addition is made to the rate.

The underwriters recognise thirty-

four specific causes for raising the rate

above the base or minimum amount.
These causes are violations of the rules

and regulations, and do not consider
" external fire protection," " other oc-

cupancy, " " condition, " or " exposure.
'

'

A specific addition is made to the rate

for inadequate fire protection, and an
addition is made for other occupancy,
condition, exposure, according to haz-

ard. The thirty-four causes just men-
tioned are all violations of the regula-

tions concerning construction of build-

ing, electrical arrangements, or care

and attendance, and are, therefore, all

causes within the control of the

owner.
These thirty-four causes may, if they

all exist, raise the rate to over $10 per

$100, but of this sum, over $5, or more
than half the amount, is due to the fol-

lowing causes:—Improper arrangement
of stack, defective wiring, improper con-

struction ofswitch board, improper con-

struction and placing of rheostats, stor-

age of oils, gasolene, etc. , in station and
improper storage of ashes. All of these

are defects that should and always can

be avoided, and usually at small ex-

pense.



ELECTRIC HIGH-PRESSURE CONCENTRIC CABLES AND
THEIR ACCESSORIES.

By J. Hetherington.

T
HERE appears

to be an un-

mistakable
trend in English prac-

tice in the direction of

high pressure in the

distribution of elec-

tricity for public uses,

and in the employ-
\, ment of concentric

cables, lead-covered

P and generally armoured.
I Triple concentric cables are

taking a prominent place in

three-wire systems, being

almost a necessity where al-

v ternating current is thus

distributed, and the general use of the

200-volt lamp will greatly increase

their usefulness.

A concentric armoured cable seems

a heaven-sent means to the engineer to

get in his copper in streets already

thickly crowded with buried, yet living,

mains of various kinds where bare cop-

per in culverts, or three separate cables

in stoneware conduits, or pipes, would

present grave difficulties and greatly

swell the cost. Vulcanised rubber as

a dielectric is being pushed aside by the

cheaper compounds of oil and fibre now
used for insulation, both for single and

concentric cables, and a high degree of

perfection has been attained in their

manufacture. The durability of the

compounds has yet to be proved while

that of rubber is established, but so far

its more youthful rivals are full of prom-

ise in this direction.

In the extensions of existing low-

tension direct-current plants there has

been, of late, a marked tendency to lay

down high-tension alternating additions

to supply outlying districts with banked

382

transformers in sub-stations and low-

tension distribution therefrom. But as

there is ever a striving after simplicity

in engineering practice, it would seem
likely, in time to come, that lighting

schemes, planned de novo, will obviate

this composite arrangement by being

altogether alternating from the com-
mencement.

Alternating systems are just as con-

venient as continuous systems for near

CABLE SUBWAYS AT NOTTINGHAM.
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distribution, while they are the only

systems that have made headway for

distant supply. Arc lighting can be
carried out by rectified currents from
them, if alternating current arcs are ob-

jected to, and motors require little con-

sideration in England as yet. Then,
also, the alternating system gives the

engineer advantages in the flexibility of

his equipment to which the continuous

system can 'make no claim.

It fell to the writer's lot to have the

supervision of the first concentric cables

laid in London, and in 1 890-1 he laid

nearly 50 miles of three different makes
of cable. Of one, insulated with jute

and rosin oil, there were 17 miles, all

lead covered and laid directly in the

soil with no protection other than the

ribbon armour wound upon it. There
has not been a single electrical failure

in this lot up to the time of writing,

although working at a pressure of 2400
volts and with hundreds of service lines

tapped from it.

Another make, to the extent of 10

miles, lead covered only, was drawn
into cast iron pipes, and jointed with

plumbers' wiped joints. Two of these

joints have failed and that is the record

after five years under 2400 volts. The
cable is insulated with cotton and rosin

oil, and has hundreds of services tapped
on to it. The third cable is built up of

copper tubes, insulated with paper,

soaked inparaffine wax, and enclosed in

an outer iron tube, laid in a trough,

filled with pitch.

Here there are nearly 25 miles of

cable with joints at every 20 feet, work-
ing at a pressure of 10,000 volts. What
has been its record ? If we put aside

the failures at the joints, it is nearly as

successful as the others. There may
have been in the whole 6000 lengths a

dozen bad ones, the defect invariably

being that the insulation was not put on
tightly enough, so that when the outer

copper tube was drawn through the die,

the loose paper on the inner creased and
crumpled. If this cable could have
been enclosed in a lead tube, so that

impervious joints could have been as-

sured, it would have been practically a

perfect cable for the work. As to the

17 and 10-mile lots above, they would
have given equally satisfactory results

if laid in a river, and, it may be added,
that no cable or culvert is reliable for

underground work that will not answer
this requirement.

A good deal used to be made of the

inability of the armour to protect the

cable from injury by picks and shovels.

From a very wide experience the con-

clusion has been forced on a mind some-
what biased in favour of stronger pro-

tection, that armour, made of two steel

ribbons, served on the cable with a

cushion of tarred jute between it and
the lead, is quite as safe as more costly

pipes and conduits, though, of course,

at a disadvantage as regards drawing
out.

There can hardly be any soil on the

crust of the earth so diligently delved

in and broken up as that underlying Lon-
don pavements. Wedges and sledges,

picks and shovels are unceasingly plied

by navvies, second to none in strength,

and the will to use it; yet, of the above

17 miles of armoured cable, nearly 3
inches in diameter, interred in this rest-

less mould, only one fault has been
caused by a pick; two others by wedges,

and a fourth, where the armoured cable

was drawn into a 3-inch cast iron pipe,

by a wedge driven through pipe and
cable both. In all four, the accidents

occurred on the live cables, and in no
instance were the men aware that any
injury had been done.

Nor have the 25 miles of paper-

insulated cable in wrought iron tubes

had less immunity. These cables are

about 2i/l inches external diameter and
have only twice been short-circuited by
wedges. On both occasions the wedges
were driven through the cables while

under a pressure of 10,000 volts with

700 horse-power behind it, and both

times the workmen were in complete
ignorance of any damage being done,

—

a pretty conclusive proof of the safety

of the concentric system.

Fig. 1 shows at once the operation of

the wedge and the method of laying

these cables. The wedge has gone
through two inches of mastic asphalt in

addition to the iron and copper tubes
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forming the cable, so that nothing less

than armour plating can be depended
upon to turn aside a navvy's wedge.
In Paris concentric cables are laid with
extraordinary precautions. A foot

thickness of sand is laid in the trench

as a bed for the cables, terra cotta tiles

-7V >
FIG. I. SHORT CIRCUITING

are laid over them, in addition to their

ribbon armour, and over the tiles wire

netting is laid in the soil to entangle

the tools of the wayward excavator.

Perhaps French navvies are more
delicate in their ways than the British

variety. The latter would exhume and
carry off the wire netting to confine his

fowls, and the tiles to roof their pen,

while the builder would snap up the

sand as a treasure of great price. At
Cologne, in Germany, also, the armour
is distributed and the concentric cables

in use there at 3000 volts are not only

armoured, but laid in troughs filled

with asphalt as in Fig. 1. The asphalt

on the 1 0,000-volt cables has to serve

the treble purpose of giving mechanical

protection; preserving the outer iron

tubes; and making the joints in the lat-

ter impervious to moisture.

Another class of armour consists of

galvanised iron wires, say, of No. 12

gauge, laid spirally on the cable. This

is used on services and small cables,

but, obviously, is no protection at all

against a sharp point. On the contrary,

the wires tend rather to keep the point

on the cable than to divert it.

The concentric armoured main is ab-

solutely safe against gas explosion,

whereas whenever culverts or pipes are

used, there is risk in such a sas-sodden

soil as that of London. Even the tele-

graph wire boxes blow up, and a large

culvert may easily become a veritable

mine in the middle of a thoroughfare.

What scope for the penny-a-liner the
blowing up of a culvert of two feet

cross-sectional area in Piccadilly would
afford! With a heavy omnibus traffic,

several of these top-heavy vehicles might
suddenly be let down on one side to a
depth of three feet, and for a good many
passengers the question as to whether
the gas or electric company was liable

would possess small interest, however
it might affect their heirs and asigns.

Happily the danger is becoming more
remote, thanks to careful ventilation,

and the culverts of concrete, stoneware
and cast iron may endure for many
years. This is more than can be said

of unprotected wrought iron pipes of

which enormous quantities have been
laid in London, for in the lifetime of

many, now past the climacteric, most
of these will have become hydrated

FIG. 2, PUTTING LEAD ON A CABLE.

peroxide. The ribbon armour used
on cables is, of course, equally perish-

able, and it is of the utmost importance
to serve this on the cable not only with
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a thorough coating of coal tar, but also

to cover it with jute soaked in this ma-
terial or something equivalent. For
want of the preservative the writer has

taken up armour, after six months in

the soil, as rusty as old hoop iron on a

garden fence.

On all compound cables water tight-

LEAD COVERING.

ness of the lead case is of the first im-
portance. A fault is only a matter of
time wherever there is a fissure, and to

guard against this escaping notice, the
cables should have a twenty-four hours'

immersion in water, the insulation re-

sistance being measured before and
after. The lead itself seems durable in

London soil: the writer has never seen
the smallest sign of corrosion in a lead-

cased cable.

In English cable practice the lead is

put on heated, but not molten, by

ram for the water and a small one for

the lead. The latter is a fixture, the
cylinder which contains the lead being
forced upwards. By this process a re-

liable covering can be put on at one
operation, differing in this respect from
continental practice, where the lead is

put on molten, at a pressure of about
900 pounds per square inch, and three

coats being served.

Cables made by each method may
be compared in Figs. 3 and 4 where it

will be seen that a covering of lead is

put on the inner insulation before the

outer wires are laid on the core, and
that two coats of lead are put over the
outer insulation. This implies that the

cable must be twice treated with the in-

sulating compound as well as going
three times through the lead process.

In the Paris cables the outside diame-
ter is about 4 inches; the pressure used
is 3000 volts.

It has again and again been preached
to the electrical profession by cable

makers that high insulation resistance

means neither durability nor resistance

to disruptive discharge. It is repeated
here once more, because in some recent

specifications enormous megohms per
mile are set out and these can only be
attained in a compound cable by proc-

esses which manufacturers' experiments
have proved detrimental to the durabil-

FIG. 5. DISCONNECTING BOX FOR A 10,000-VOLT CABLE.

means of a modified hydraulic lead press

of the kind shown in Fig. 2. This
process requires a pressure of fifteen to

twenty tons per square inch on the lead,

obtained, as will be seen, by a large

5-5

ity of the dielectric without adding to

its efficiency as a non-conductor, and it

is repeated also because, as a cable user,

experience with both high and low-

resistance compound cables has taught
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JOINING CABLE ENDS.

the writer the fallacy of high megohms.
The 10,000-volt mains from Deptford

registered less than 800 megohms per

mile when new, but they work we.ll

enough notwithstanding; while certain

other cables which gave insulation re-

sistances, at the start, of 6000 meg-
ohms, have frequently been pierced by
a pressure of 2400 volts after a few

years, and sometimes after a few

months, or even days, of work.

Cable makers have necessarily made
exhaustive trials of all kinds with the

particular dielectric they affect, and so

long as they guarantee the successful

working of the cable at the specified

pressure, it is best to leave the details

of manufacture to them. Cable making
is more complicated and as yet less

generally understood than the making
of concrete.

Lead-covered cables are often jointed

in cast iron joint boxes, clamped to the

lead and filled with insulating oil.

There is a tendency for the oil to es-

cape into the cable between the lead

and the insulation, to occupy the space

made by the stretching of the lead on
the outer side of the coils on the drums.

On hilly ground the boxes may, in this

way, be drained nearly empty, and, as

water is ever on the watch to enter any
vacant space inside the cable's system,

it is a wise precaution to have oil boxes
examined at intervals of a month or two
and the oil renewed where necessary.

The water, when it does enter, forms

pits in the surface of the oil when the

latter is heavy enough to support it,

and in this way the great depth of oil

on top of the fittings has several times

saved the earthing of the inner pole in

the box shown in Fig. 5. These boxes

'•)—-)

FIG. 6. COPPER SLEEVE AND BINDING WIRE.

are provided with covers, fitted better

than those on many a steam engine

cylinder. They stand quite free on all

sides, in brick pits in which there is no
visible trace of water, and yet have
been found to contain quite alarming
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amounts of water on top of the oil.

The " cussedness of things inanimate "

is, however, a characteristic with which
most engineers are familiar, and this

particular phase is best combated by
an occasional unscrewing of the plugs

MAKING A JOINT IN A STREET TRENCH.

to ascertain the condition of things in-

side the box, and by the use of an oil

of high specific gravity on which water
will float. For the above reasons semi-

solids are better for charging joint boxes
in all cases where the box is not likely

to be opened after being once filled.

In the general aspect of the joint

boxes now in use, there has been little

change in the past ten years, practice in

this respect having settled down into a

stable condition. The boxes almost in-

variably divide at the centre line of the

cable, with a groove in the lower half,

to receive a corresponding tongue in

the upper. Between tongue and groove
a piece of ^-inch lead is fixed, and the

ends around the cable are made good
by some semi-solid compound, run in

hot. By dividing at the cable, the
jointer has plenty of room to make his

joint, as he can put the iron cover on
after the connections are all complete.
The box shown in Fig. 5 is very

awkward in this respect. The fittings

used inside the boxes regu-
late the size, and m London
it is necessary to reduce
the dimensions to the small-

est limit that safety will al-

low, because of the cramped
spaces usually found in the
streets. Of course, econ-
omy in insulating material

points in the same direc-

tion, but there are boxes in

use to which neither con-
sideration seems to have
been applied, boxes that

(regard being had to their

purpose) are simply colos-

sal. The most compact
concentric joint is made by
scarfing the inner wires, as

usual with a single cable,

then insulating by tapes
and making the outer wires
continuous again through
a tinned copper sleeve to

which they are firmly bound
down and soldered (Fig.

6). The underside of this

cannot well be soldered, but
some jointers put on plumb-
ers' metal, as in making a

wiped joint. The outer wires are
again* wrapped with tape, and a
close-fitting cast iron box, bolted on
and charged up with compound, com-
pletes the joint.

The latter is of use only for perma-

FIG. 7. FLAT TEE-JOINT FIG. 8. SPLIT TEE-
CLAMPS. JOINT CLAMPS.

nent work since it cannot be got apart

without ruining the outer wires. Some-
times a lead sleeve takes the place of

the iron box, with plumbers' wiped joints
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to make watertight connections to the

lead. Some dielectrics will not stand

the heat engendered in the cable by the

bulbs of metal, and the writer has seen

FIG, 9. CONICAL CLAMPS.

several faults where a hole was melted

right through the bulb. Of course, for

armoured cables the iron box is indis-

turned up and gripped by bolts, the

current being passed through two of the

bolts to the corresponding clamps on
the other side of the joint. These
clamps encircle the cable where the

inner is divided (as at a straight

joint) and the wires are evenly laid in

all round. For a tee joint, the inner is

not divided, however, and hence the

clamps are made in the form of a horse

shoe, as shown in Fig. 7, so as to drop
over the cable—a form which makes the

lower wires rather difficult to manage.
This difficulty has been got over by

splitting the clamps with joints at right

angles, as in Fig. 8, lugs being provided
to connect from clamp to clamp. These

FIG. 10. TRIPLE CONCENTRIC CONNECTION FOR TWO HOUSES.

pensable, unless a brick pit be built

around the lead-covered joint.

The commonest type of mechanical

first clamps more or less hang on the
wires and are easily racked about, so
that some makers put a ring of ebonite

I

q=& o=i o=ft)

FIG. II. THREE-WAY ROTATING STREET SWITCH.

connection for the conductors is a tube,

split or solid, for the inner ones, run in

with solder, and for the outer ones, two
flat clamps between which the wires are

around them to prevent accidental con-

tact with the ironwork; while, unless

they are made of great substance and
with large bolts, they cannot be made to
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bite on all the wires in a satisfactory

manner, particularly if some are a little

" proud " or full in diameter.

This has led to the introduction of a
patented fitting, shown in Fig. 9, which
is bored so as to slip over the wires and
these, being turned back over a cone,

are jammed by a conical ring so as to be

on at one joint. A plug is provided to

block one outlet if only one is to be con-
nected, and this can be removed and a
second put on at any time. In secur-

ing wires by all the above fittings, the
bearing is more or less only on a line

along the opposite sides of each wire
and where large wires are used this may

JO. 1 CIRCUIT

FIG. 12. TWO PARALLEL MAINS WITH
3-WAY SWITCH.

wedged down on the fitting. The soft

copper of the wires is flattened where
there is any irregularity in size and the
fitting has a solid bearing on the core
of cable. By keeping the angle of the
cone low, the ring will wedge itself so
firmly on that permanent bolts are not
necessary, a temporary clamp being
used to force it down. Both parts are
hinged for tee jointing, and for low-
tension triple concentric cable work the

. SINGLE-POLE STREET SWITCH
FOR A 25OO-VOLT MAIN.

male cones are put on and bolted up be-

fore cutting the conductors to which
they are to be applied, so that the sup-

ply of current goes on through the fit-

ting while the joint is being made.
Fig. 10 shows the arrangement of a

triple concentric house-box with these

fittings, whereby two consumers are put

FIG. 13. RING MAIN WITH
3-WAY SWITCH.

represent a less sectional area than that

of the conductor. For such cases the

male cones of the above fitting can be
lined with solder or fitted with grooves
into which the wires are bedded by the

rin£\
It is, of course, impossible to do any-

thing on high-tension cables while the

current is on, and in order to minimise
the inconvenience to consumers, joint-

ing, in and other operations, are gener-

ally done in the small hours of the morn-
ing. Whatever the hour, there is pretty

certain to be some con-

sumer on the circuit look-

ing for a burglar or enter-

taining a birthday party

when the current is cut off,

andinthefierce competition

prevailing in London be-

tween high and low-tension

companies, the complaints

of consumers receive very

respectful attention. High-
tension systems with trans-

formers in all the houses

supplied, are always ar-

ranged in a number of cir-

cuits, but a whole circuit is often too

large a unit to be altogether discon-

nected, since some are nearly three

miles in length.

By means of a ring system, the con-

ductors being taken into and out of

every house, any part can be discon-

nected by taking the cables out ol the
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fuse blocks at the extremities of the

part. Thus, on a ring along the Strand
and supplying Nos. 12 and 20, say, it

is desired to connect No. 16. The ring

is fed at both ends, and by removing
the ends of the piece between 12 and
20 from the fuse blocks in the converter
chambers, the cable is made dead be-

tween these points, the supply to them
meanwhile being uninterrupted. The
cable between is then cut and carried

into No. 16 and similarly connected
again, a new piece being put in all the

way from 12 to 16, instead of jointing

outside, the drawn-out piece going to

store, to be used where it will come in

for another similar service. This is the

plan in use with non-concentric cables

at 1000 volts by the Metropolitan Cor-
poration, in London, but the writer

is unaware whether the ends are taken
out of, and put into, the fuse blocks
while they are alive.

The breaking of a circuit with a con-

centric cable is a simpler matter, partic-

ularly if the outer member is at the

earth's potential, as only one pole needs
to be broken. By means, for

instance, of a patented rotating

arrangement, on the principle of

a three-way cock, either or both
branches can be disconnected
or supplied from a main at will,

as in Fig. 11, which shows the

four positions of the switch.

There is no blink, even, of the

lights in the parts of the circuit

not required to be disconnected.

Another use of this switch is

shown in Fig. 12, where two par-

allel mains are passing an important
installation, or a transformer sub-sta-

tion. The supply can be from both
mains (as shown in the figure) or

from either circuit, or cut off both.

Again, in Fig. 13, a ring main, pass-

ing a similar installation, can have
either half disconnected while the sup-

ply can go on through the other half.

Other uses will suggest themselves.

These switches are in use on 2000-

volt circuits and break under heavy oil.

They are worked by a box key from
the street, exactly as a cock would be, a

dial outside the case indicating the posi-

tion of the switch within. The extreme
sizes of this switch-box are about 24
inches long by 16 inches wide and^8
inches high.

For long straight mains, a switch is

used by the London Corporation as

shown in Fig. 14, where a cross plug is

lifted by means of an ebonite handle,

the handle being then screwed off and

a ring screwed on in its place to prevent

the plug dropping. Two ebonite guides

obviate any lateral displacement of the

cross plug; it can go only on to its

FRENCH DOUBLE-POLE STREET SWITCI

place. As the inner wires to which the

contacts are soldered would yield under

the pressure in putting on the plug, two
ebonite supports are put underneath

and pinned into position, while the

ebonite guide pieces hinder any lift

when the switch is pulled oft.

The box is in two halves and bolts on
around the main in the same way as

joint boxes do; its outside sizes are

26 inches by 10}^ inches in plan and 11

inches in height. The break has been
exaggerated in the sketch to make the

action clear; it is 4 inches from terminal

to terminal. The outer wires are con-
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nected through ordinary flat clamps
with long bolts, as in mechanically
made straight joints. This switch

works perfectly under heavy oil, with

by any fault as well as partially locating

it, and on this account is worth atten-

tion.

Another arrangement, worked by

FIG. l6. FOUR-WAY ROTATING STREET SWITCH FOR TWO PARALLEL MAINS.

2400 volts on the main, and has carried

as much as 200 amperes.

It presents a striking contrast to that

shown in Fig. 15, used in Parisian

streets, in the Secteur des Champs
Elysees on a similar con-

centric cable. In this case

both poles are broken by
cross plugs with ebonite and
wood insulated handles, rub-

ber gloves being also worn
by the operator. Ebonite

insulators are screwed into

the bottom of the box to

carry the upright rods on
which the contacts are

clamped. A semi-solid com-
pound is poured into the box
to the level of the contacts

and the latter are in air,

which is deprived of its

moisture by trays of chloride

of lime enclosed in the up-

per compartment. The out-

side sizes of this box are

approximately 30 inches by
21 inches in plan, and 27

inches in height. The press-

ure is 3000 volts and the

break between contacts is

three inches. In the Col-

ogne scheme there is a complicated

ring system of concentric mains split

up into sections by mercury switches.

So far as the writer can find, there are

no high-tension mains fused in sections

outside the station in England, but the

plan here shown has the advantage of

reducing the amount of circuit affected

the patented rotating switch may be

seen in Fig. 16, where two parallel con-

centric.mains are brought into one box,

and by rotating the switch any section

into which the circuits are divided by

POURING A JOINT,

the boxes may be disconnected without

even a momentary interference with the

supply to the other parts of the system.

As shown in the upper diagram, the

mains are in two separate circuits as

far as the box D, and are both made
dead beyond this point by turning the

switch as shown and then removing the
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cross bar of the lower pair of contacts.

In the lower diagram the section A to

B on No. 2 circuit is disconnected, the

discs being first put into the positions

shown, and the cross bars afterwards

removed, and the section C to D on
No. i circuit is disconnected by moving
these discs as in the diagram, the cross

bars in this case not being disturbed.

The pouter pole is made common

they would offer greater surface on
their cores for the guidance of the cur-

rent, while connections could be made
between the boxes without discontinu-

ing the general supply.

The London Electric Supply Corpor-
ation have four trunk mains in parallel

between Deptford and London, a dis-

tance of about six miles, carrying cur-

rent at 10,000 volts. No switch of the

OMNIBUS BAR

L D L D

FIG. 17. CROSS CONNECTION GEAR FOR IO,OO0-VOLT MAINS.

through the boxes and is not interfered

with by the switch. The mains, of
course, may make any detour that may
be desired through adjacent streets.

The switch works up to 3000 volts.

The overall dimensions of the box in

this case are 30 inches by 16 inches in

plan, and 13 inches in height.

This switch may make it worth while
to lay two mains side by side, of smaller
section, instead of one of large section,

—an arrangement which has advantages
where great current density has to be

above character could be safely worked
at this pressure. The switches at the
generating station have moving con-
nectors, six feet long, giving four feet

break when pulled off. But it is occa-
sionally necessary to work on parts of
the mains, while it is of the greatest
moment to have as many of the four
mains available as possible.

With this end in view, cross connec-
tion stations are provided along the
route of the mains into which all four
are taken and brought out again, as

No.4

CROSSING STATION
INNERS ONL V SHEWN

CROSSING STATION

No.

3

v

No 2
j~ ~v TO LONDON

No 1 J ^_ >.

FIG. 18. CROSS-OVER CONNECTIONS ON Io.ooo-VOLT MAINS.

used with alternating current. Assume,
for example, that a concentric main of
o. 25 square inch sectional area in each
conductor was to be laid; then two
mains of half that area would cost more
in about the proportion of 12 to 9, but

shown in Fig. 17. The mains from
Deptford are there marked D, those

going on to London, L. The inner of

these are connected to insulated blocks
fixed to the wall and usually connected
across by plugs, as shown on Nos. 2
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and 4. An omnibus bar is fixed above
with contacts corresponding to each of

the eight blocks below.

If now, it were desired to have Xo. 3
main disconnected between Deptford
and the first crossing station and No. 1

main between the two crossing stations,

as shown in Fig. 18, the plugs connect-

ing the inners of \D to \L and 3/} to

$L would be taken off, the mains being
dead, and \D would be carried up by
a plug to the omnibus bar, and current

taken through the bar down by a plug
to 3Z,, as drawn in Fig. 17. The out-

ers remain permanently connected both
in the crossing and generating station,

and at the latter point they are all made
common to one earth.

The cost of concentric cables is about

7 to 8 per cent, greater than two single

cables of equal sectional area, both be-

ing lead covered. The armouring gen-

erally used is much cheaper than the

cast iron pipes, being about one-fourth

to one-sixth of their cost (the difference

diminishing with the size of the cable)

,

and it is doubtful if the ability to draw
in and out is worth the cost of the pipe.

In the writer's opinion the cost of pipes

can be more economically sunk in cop-

per at the outset, a 3-inch pipe repre-

senting, in this respect, about o. 1 and
a 4-inch pipe about 0.15 square inch

sectional area of two conductors.

Where armoured cables are used, it

is very necessary to get in the outside

section at the beginning as the cost of

laying mains is enormous in London,
and often varies greatly in the different

districts and parishes into which Lon-
don is divided; the writer had sixteen

different scales of charges to deal with

in as many parishes.

In this instance the dearest par-

ish for reinstatement cost, per yard run,

five times as much as the cheapest, and
three times the average of the sixteen

for similar work, the difference being

almost entirely due to the different

methods of the surveyors. Where the

reinstating is allowed to be done by
contractors, it can be done at a fair

profit for less than half the average

vestry charges and to the vestry's sat-

isfaction, so that, although municipal

labour is a very fine thing, it is not

coincident with economy where a com-

pany without voice or control in its di-

rection has to settle the bill.

In concluding, the writer may ex-

press his belief that the Deptford

scheme has demonstrated that current

can be generated at high pressure (some

of the dynamos can work at 13,000

volts) and directly transmitted from the

machines by underground concentric

cables with safety and certainty to dis-

tant transforming stations, where it can

be lowered in pressure to anything that

may be necessary. Transformers are

now at work reducing from 10,000 to

100 volts at one step.
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Ice machine builders might well turn

their attention to the making of small

outfits, one-ton machines, say, rather

than those of fifty or a hundred tons,

and reasonably expect to find the busi-

ness profitable. There are many rela-

tively small consumers of ice who would
gladly avail themselves of the advantages
which a small plant would offer and who,
in the aggregate, would probably
amount to considerably more in a busi-

ness way than the few-and-far- between
establishments that need, and can afford

to pay for, a machine of ponderous size

and capacity. And yet, few ice machine
companies have apparently given this

aspect of the matter any particular con-

sideration. With the necessarily re-

stricted demand for large machines, and
the evident inclination of the makers to

turn out no others, it has become neces-

sary for them to cast about for other
kinds of business to help them keep
their shops in work, and thus it is that

we find many of them engaged in vari-

ous side lines of manufacture, turning
out things originally quite foreign to

their intentions and equipment. Ifthere

be money enough in this to make it pay,

there is little to be said against it,

though it does seem unfortunate that an
establishment should reach out into

other lines and neglect its own specialty

for which there is a growing and unsat-

isfied demand. Small ice machines are

clearly destined to become more and
more important accessories to modern
conveniences and the firm that will be
first prepared to offer them will reap a
good business reward.

The purest water often is the most
active in corroding and pitting boilers,

—

a fact which seems quite contrary to

what one should expect, but which,

nevertheless, is one of common obser-

vation. The active corroding agent, in

some cases at least, is probably the

oxygen of the air, of which the water is

capable of dissolving a considerable

amount. The corrosive power of such

pure water on new or unsealed boilers

was well illustrated in the city of Glas-

gow when a new water supply was in-

troduced from Loch Katrine, one of the

purest waters in the world available for

city consumption. The facts, taken

from The Locomotive, are credited to

Rowan's little hand-book on "Boiler

Incrustation and Corrosion." The
former supply of Glasgow had been poor
and calcareous, and old boilers were

394
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much coated with lime scale. To the

dismay of the users, those who had put
in new boilers, or new tubes, found them
rapidly corroding, while the old scaled

and coated boilers remained as before,

and those who had removed every pos-

sible trace of old incrustation from their

old boilers, by mechanical or chemical
means, '

' in order to get the full benefit

of the pure water," were also badly
troubled by corrosion ; and even the old

boilers, as the scale was gradually re-

moved by the unvaryingly soft, pure
water from the lake, were more or less

corroded when no means were taken to

prevent it. It was found, in this case,

that introducing a little lime from time

to time,—enough to give the boilers a

slight calcareous coating,—usually pre-

vented the corrosive action of the water,

and in the course of time the lime, or-

ganic matter, and iron oxide skin

formed a protecting, oxidised surface

that prevented further corrosion.

To the above The Locomotive adds
that water similar to that of Loch Kat-
rine,—soft and pure in quality, without
alkalinity, containing some vegetable

organic matter, and with the natural

proportion of acid and gases common to

a fully oxidised water,— is what in the

non-lime bearing sections is met with at

certain seasons of the year in streams,

ponds, and reservoirs, after the melting

of snow or heavy rains. Except in cer-

tain limited sections, however, this con-

dition fortunately does not long persist,

for in dryer times the water soon takes

up its normal proportions of lime and
alkali, and reaches the point where some
scale may form in a boiler. It will be
inferred, from what has been said, that

the most perfect boiler water is one
which makes a slight deposit in the dryer
seasons, and has this deposit largely dis-

solved off by the soft water of spring

and fall, so that the balance of efficient

working, without much scale and with-

out serious corrosion, is practically kept.

Some boiler waters fulfill these condi-

tions. It will not do, however, to rely

entirely upon nature to keep the bal-

ance in even the best boiler waters, for

the condition of the water will vary from
season to season, and even the smallest

amount of solid matter, whether soluble

or not, will accumulate, in time, to a

dangerous extent if not blown out or

cleaned out.

Reading, the other day, of fusible

plugs for boilers, called to mind an in-

cident which is said to have happened
several years ago in a place where an
old-fashioned haystack type of boiler

was in use. On one occasion a rivet

was blown out at a point difficult to get

at for repairing, and as a makeshift the

engineer put in a pine plug, driving it

into the hole from the inside. It is not

remembered how long this plug lasted,

but, at any rate, it tided over an emer-
gency. The plug, it was found later,

burned off until the leakage through it

was just sufficient to prevent further

charring, and while it was in operation,

no doubt, performed the part of a safety

plug, for, had it become uncovered, it

would, in all probability, have given

way with quite as much celerity as the

ordinary fusible plug.

There is a growing tendency among
the miners and exploiters of mines in

the western part of the United States

to utilise as motive power, streams which

not so very long ago would have been
considered unworthy of consideration

as sources of power. Men are begin-

ning to learn that head counts as well

as volume and that a tiny stream with

several hundred feet head may be as

valuable a source of power as the more
imposing fall of much lower head.

Then, too, the little stream needs no
expensive dam or head works to confine

it, but can be trapped and guided at

comparatively small expense, and in-

stead of being allowed to fall freely, it

can be led into a pipe which impounds
it all, and thus it can be confined and
led perhaps five hundred to a thousand

feet down the mountain, accumulating

pressure as it descends until it shoots
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out with full force against the buckets
of the Pelton wheel, or quietly exerts

its statical pressure in the chambers
of a direct air compressor.

Not so very long ago the writer saw
a plant being installed over eight thou-

sand feet up in the Rocky Mountains,
and the primitive pipe-making establish-

ment was very interesting. Rather than

incur the expense ofhauling the wrought
pipe, a small pair of bending rolls had
been procured and these, with a port-

able forge, constituted the equipment.
Under a frame shed by the mountain
side, three men were turning out length

after length of riveted sheet-iron pipe,

right at the place where it was to be
used, and the pipe-line was being con-

structed five hundred feet up the canon,

bringing down over two hundred horse-

power to the spot where it was to be
utilised. The operations seemed some-
what primitive at first sight, but the

expense account of the establishment

was a minimum, and when the cost of

burro train and the railway freight, and
the profits of several middlemen were
taken into account, the miners were
probably ahead in the long run.

An amusing instance of anticipation

of the penetrating character of the so-

called X rays, has been discovered in

a most unlikely place

—

i. e., in Dick-
ens' Christmas Carol. It will be re-

membered that when the miser Scrooge
sees the ghost of his former partner

Marley entering the room, Marley's
body appears to be transparent, so that

Scrooge can see clear through him and
discern the two buttons on the back of

his coat. It may be presumed that

Marley wore the old-time blue coat

with brass buttons, and that flesh and
blood became transparent when metal
buttons would not. It is now in order

for the Society of Psychical Research
to try the X rays for the detection of

ghosts, but if they are successful they
must give the credit to Dickens.

Some time ago a queer story came
from one of the English coal mining dis-

tricts where some of the mines had been
drowned for years, and the many at-

tempts to pump them dry had been in-

effectual. After many thousand pounds
had been spent in pumping, without do-

ing any good, it was found that the

water raised by the pumps had been
allowed to find its way back into the

mines though old shafts, crevices and
other avenues. It made both amusing
and instructive reading, but if one sim-

ply changed the names, the whole ac-

count sounded not much different from
one hundred and one things within the

experience of undoubtedly a great
many engineers. Work is performed
over and over again to no purpose, just

because care is not taken to see that

every stroke tells.

One of the most interesting places

for the engineer to visit at Washington,
D. C, is the headquarters of the Inter-

Continental Railroad Survey. The
great work of preparing the preliminary

plans for a railway to unite North and
South America has been going on in a

quiet way for several years. The sur-

vey has been carried southward by
Mexico and northward by Brazil, while

the detailed connecting survey has been
done in Central America by a detail of

United States Army officers under the

very efficient direction of Lieutenant

Macomb. The results of the field work
are now being reduced and computed
and the topographical maps which have
been prepared will compare most fa-

vourably with the finest work in any
country. The extent of the survey in-

volved geodetic work of magnitude, and
the final results checked up in a most
satisfactory manner. Many of the alti-

tudes were first determined by the ba-

rometer, and the chosen altitudes were
subsequently measured either trigono-

metrically or by spirit levelling, and the

closeness which appeared between the

barometric determinations and the sub-

sequent measurements was most grati-

fying to those who believe that the ba-



CURRENT TOPICS. 397

rometric method still has a great future

before it. When this great work is

presented to the engineering profession

in its entirety we believe that the por-

tion of it which has been performed by
Lieutenant Macomb and his associates

will be recognised as a remarkably
beautiful and accurate piece of geodetic

work, performed in the face of many
and great natural obstacles.

Of the engineering instinct, if it may
be so termed, of some of the lower ani-

mals, an admirable example is given by
Dr. James Weir, Jr. , in a paper recently

published in the Medical Record.
'

' Sev-

eral years ago," he says, " I noticed

that one of the combs in a beehive, ow-
ing to the extreme heat, had become
melted at the top and was in great dan-

ger of falling to the floor. The bees

had noticed this impending calamity

long before I had, and had already set

about averting it. They rapidly threw

out a buttress or supporting pillar from
the comb next to the one in danger, and
joined it firmly to it, thus shoring it up
and preventing its fall in a most effectual

manner. When they had made every-

thing strong and secure, they went to

the top of the comb and reattached it

to the ceiling of the hive. After this

had been done to their satisfaction, they
removed the shoring pillar and used the

wax elsewhere. In this instance there

was an immediate adaptation of them-
selves to surrounding circumstances, in

which they averted and prevented an
utterly unforeseen and unheard-of ca-

tastrophe by means as effectual as they

were intelligent. Could man do more
or reason better ? Here was an expe-

rience which had not happened to them
in hundreds and hundreds of genera-

tions perhaps, which perhaps had never
happened to them before, and yet when
it did happen, their quick intelligence

readily grasped the situation and they

at once set about remedying the evil."

The proper arrangement and man-
agement of tool rooms in machine shops

was recently made the subject of a com-
mittee inquiry on behalf of the Central

Railway club and at a meeting of that

organisation, a short time ago, the rec-

ommendations of the committee were
presented in the shape of a paper by
Mr. S. Higgins. One of them was to

the effect that a list of all workmen en-

titled to obtain tools from the tool-room

should be printed alphabetically, and
each name should be numbered in con-

secutive order. The list should be
neatly framed and hung up in the tool-

room near the delivery window. Each
workman whose name appears on the

list should be furnished with six brass

checks, each check bearing the number
that is opposite his name on the printed

list. At the outer end of the pocket

provided for each tool, there should be

a wire brad or nail, so that when a tool

is taken out, a brass check, bearing the

number ofthe man who has the tool, can

be hung up on the brad, which will in-

dicate what workman has that particular

tool, and it should be the invariable rule

to have all tools returned to the tool-

room at the end of each week, so that

they can be examined by the man in

charge, and prepared for delivery at

the commencement of the next week,

as may be required.

The delivery of the tools to the work-

men was to be accomplished in the fol-

lowing manner:—An electric annuncia-

tor should be set up in the tool-room in

some convenient location, with buttons

located at different points in the shop

where they will be the most convenient

to the men in the different departments.

There should be a small blackboard at

each button, divided off by five or six

horizontal lines, with a brad or wire nail

at the left hand side of each space made
by the lines mentioned. When a work-

man wants a tool he should push the

button, then write in one of the spaces

in the blackboard the name of the tool

required, and hang his tool check on

the nail opposite that space. There
should be two or three boys in the tool-

room, one of whom should go to the
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station rung up on the annunciator, re-

move the tool check, see what tool is

required, bring the check to the tool-

room, hang it up in place of the tool,

then take the tool to the blackboard
where the workman can get it. In or-

der to prevent delay, and to carry out
this scheme successfully, the workmen
should not wait until they actually want
a tool, but should anticipate their wants,

so that the tool can be brought to them
by the time it is required. The return-

ing of the tools to the tool-room can be
handled in the same way as the deliv-

ery of the tools to the workmen, pro-

vided the boys who distribute the tools

know where each tool belongs when it

is returned. With this arrangement,
boys, paid relatively low wages, can at-

tend to the distribution of the tools,

rather than have the workmen do it,

who receive a much higher rate of pay.

In commenting on the skill shown by
the late General Casey, chief of en-

gineers of the United States Army, in

estimating in advance the cost of vari-

ous engineering works, the Army and
Navy Journal recalls some of the errors

made by others in similar calculations.

Thus, the estimated cost of the Man-
chester ship canal is stated to have been

,£5,750,000, but nearly £"16,000,000

were spent before the canal was ready
for business. The international com-
mission reported in 1856 that the cost

of digging the Suez canal would cer-

tainly not exceed £"8,000,000. But it

cost £"18,900,000, to say nothing of

Egypt's gratuitous building of light-

houses, dredging of the harbours, ad-

vance of money without interest, and
gift of forced labour, the whole amount-
ing to ,£4,000,000 more. Engineers
spent a year collecting data tor their

report on the Congo railroad, which
they asserted could be built for £"i,-

000,000. They now say that the total

cost will be from £"2,400,000 to £"2,-

600,000. The egregrious underesti-

mate of the cost of the Panama canal

nearly swamped that enterprise before

wholesale stealing completed the ruin.

The forts on the Meuse river, estimated

at £"900,000, cost £"3,200,000; the

Corinth canal cost £"2,400,000 instead

of the estimated £"1,200,000; a harbor
and a railroad on the island of Reunion
cost £"2,700,000 instead of ,£1,560,000;
the Senegal railroad, which was to be
completed for ,£520,000, absorbed £"i,-

800,000, and the Langson railroad in

Tonkin, which was to open a conquered
province for an expenditure of ^100,-
000, bled the French treasury to the

tune of ,£873,558.

Paint for machinery was made the

subject, a short time ago, of a little ser-

mon by Mr. John Richards, who is well

known on both sides of the Atlantic

through his engineering work, to some
perhaps particularly through his part in

the development of rational machine
tool designs. Said Mr. Richards:

—

"One must confess to disgust in seeing

well-made machinery covered with glist-

ening paint and varnish, showing every

pinhole and dentation of surface in the

castings. The chromatic part, too, is

execrable, with but few exceptions.

Think of cast iron being painted with

red ochre and varnished; also, in some
cases, with white lead, ground in oil, re-

lieved only by grease stains and land-

scape work on panels. It has long

been conventional with makers of good
machinery to paint it with lustreless

paint of a colour called steel, and as

near to that of cast iron as possible.

This causes the castings to look

smooth, harmonises with finished parts,

and permits accurate photographing.

Further, in respect to painting machin-
ery, steel-coloured lustreless paint and
' filling,' which is the same thing in a

stiff paste, has by common consent be-

come a sign of good taste and good
work. Many years ago Messrs. Will-

iam Sellers & Co., at Philadelphia,

made experiments to determine how
their machines could be properly pho-

tographed. All reflection had to be
avoided. That was obvious, so the ma-
chines were lime-washed, with different

tints, which succeeded, but was a great
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deal of trouble because the wash had to

be removed and substituted with paint.

Mr. Tulley, a paint maker in Philadel-

phia, took up the matter, and after a

long train ofexperiments produced a lus-

treless paint that resisted animal oils, and,

with a good pigment, lasted for years

without change of shade. It also be-

came as hard as iron, and was applied

to castings as soon as cleaned and be-

fore working them. The works in Phil-

adelphia adopted this paint for machin-
ery, and it has spread a good deal."

Several years ago a number of ex-

periments were made to determine the

value of Portland cement for anchoring

bolts in stone, and the results, reported

at the time in the Polytechnic of Troy,

N. Y., U. S. A., are worth recalling

now because of their great interest to

engineers in such work as fixing hold-

ing-down bolts for engine beds, gas-

holder framing and the like. It appears

that certain gantry-work for an elevated

railway had to be constructed upon rock

so near the surface as to necessitate

anchoring the foundation bolts, and as

some more durable and cheaper way of

doing this than by the use of sulphur or

lead was desired, Portland cement was
suggested and tried. No records ex-

hibiting the adhesive strength of cement
in pounds per square inch could be dis-

covered; hence it was decided to inves-

tigate the matter specially. For this

purpose fourteen holes were drilled in a

ledge of solid limestone, one-half of

them being i^ inches and the others

1^8 inches in diameter, and all ^A feet

deep. Seven ^-inch and seven i-inch

bolts were prepared, with thread and
nut at one end and jagged at the other

for a length of 3 feet 6 inches. There
were no heads to these bolts; nor were
they swelled. Four of them were an-

chored with sulphur, four with lead, and
six with neat cement, both sizes of the

bolts being used equally. All were
allowed to stand for a fortnight after

setting, when a lever of sufficient

power was rigged, and they were
pulled.

In sulphur three bolts out of four de-

veloped their full strength of 16,000 lbs.

and 31,000 lbs. respectively. One
i-inch bolt failed by drawing out under
a strain of 1 2,000 lbs. In lead also three

out of four bolts developed their full

strength as above; but one i-inch bolt

drew out under a pull of 13,000 lbs. In

the cement five bolts out of six were
broken without drawing out. One
i-inch bolt began to yield in the setting

at 26,000 lbs.; but it sustained the full

load for a few seconds before it broke.

While this experiment demonstrated
the inferiority of cement both as to

strength and ease of application, it did

not give the holding strength per square

inch of area. To determine this, lime-

stone blocks 12 inches thick were pre-

pared, with holes for bolts drilled clean

through them. Holes 1 V± inches in

diameter were prepared for i-inch bolts,

and 2^-inch holes for 2-inch bolts.

Some bolts were cemented into these

holes plain and smooth, while others

had screw-threads cut upon them. The
specimens were allowed to stand for

thirteen days, and they were then pulled

in a standard testing-machine. The
smooth i-inch bolt began to yield at

20,000 lbs., and the threaded one at

21,000 lbs. The 2-inch smooth bolt

began to give at 34,000 lbs., and the

threaded one, at 32,000 lbs. In these

tests the pressure was applied very grad-

ually. When the pump was run at a

greater speed to represent a more
sudden strain coming upon the bolts

—

the stones split before the bolts yielded.

It was thus ascertained that the English

Portland cement used was more reliable,

stronger, and easier of application than

either lead or sulphur for the purpose;

and that its resistance as a setting for

holding-down bolts is from 400 to 500
lbs. per square inch of surface in actual

contact. Moreover, not much appears

to be gained in a long bolt by jagging

or threading the embedded shank.

In discussing, in the Journal of the

Franklin Institute, what he terms the

reversal of invention, E. P. Thompson
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chooses as a pertinent illustration the

present airbrake system as a recognised

reversal of the early type of brake,

though a long time passed before the

change took place. The idea of the

new brake did not come by demand of

the mind, but by a combination of cir-

cumstances; that is to say, accidentally.

Of the two systems of brake, the first

operates to stop a train by the positive

action of compressed air against the

wheels through the medium of the us-

ual brake shoes, and the second by the

negative action of compressed air, which
normally holds the shoes away from the

wheels in opposition to a spring. The
advantages of the second way, remarks
Mr. Thompson, are apparent as com-
pared concerning their main object

—

safety,—for by the former the train can-

not be stopped in the case of a leak or

a disordered pump, while with the lat-

ter the train stands still as soon as the

air leaks out or the pumps refuse to

work.

According to the Electrical World
one of the cheapest ground returns that

can be built for electric roads, may be
constructed of old rails. Flat rails are

the most convenient for the purpose

and are usually the most available.

They may be readily laid between the

rails. It is necessary, however, in order
that the rail thus laid shall materially

reduce the resistance of the return cir-

cuit, that it be exceptionally well bonded,
otherwise there will be little gained.

One point may be noted as being ex-

tremely favourable in this class of bond-
ing. The rail is not subject to continu-

ous jar as in the case of rails doing, at

the same time, mechanical service, still

the joints are subject to the gradual
motion of expansion and contraction.

The bond must, therefore, be flexible,

or it will gradually work loose. If such
a feeder were laid with its joints stagger-

ing those of an active rail and cross

bonded thereto, the failure of a bond on
either rail would be provided for. By
drawing a sketch of the two rails and the

bonds, it will be seen that by staggering

the rails each joint is bridged by a rail,

the path having four bond joints. If

the joints are opposite, the number of

bond joints in this reserve bridge is in-

creased to six. The use of old rails for

this purpose would seem to be very ad-

visable, being both economical and dur-

able. The electric continuity of the

bond may be preserved from corrosion by
imbedding it in an asphaltic compound.
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THE VERTICAL ENGINE FOR STATIONARY PURPOSES.

By Charles H. Manning; U. S. N.

is quite evident

that the vertical,

inverted type of

engine is rapidly

coming to the

front for large

stationary power
plants. Until
the rapid devel-

opment of the

use of electricity

in the last few

years the largest

uses of the sta-

tionary engine

was for textile

mills . water
works, rolling

mills and min-
ing, about in the order named, but it is

the first of these uses I am chiefly inter-

ested in discussing.

The large cotton mills, starting first

with water powers, soon outgrew that

source of power in the dryer months of

the year, and it was found necessary to

supplement the water wheels with steam
engines of large power, to be used but
a few months in the year.

Amongst the first large engines in-

stalled for this purpose, forty years ago,

were several double-beam engines, some
of which may be working to-day, as is

the single beam engine which has run

at the Corliss Steam Engine Works at

Providence, R. I., for about fifty years

and looks as though it might go another

fifty.

These engines, as well as the hori-

zontals, either single or in pairs, were
proportioned for the lower steam press-

ures, fifty pounds per square inch or

less, in vogue in those days, and have
mostly disappeared with the gradual

increase of pressures and speeds of the

present time. About the last of the

beam engine type was the one erected

by Mr. Corliss for the Centennial Ex-
hibition at Philadelphia, in 1876, and it

was there also that the diametrically

opposite type of engine, the high-speed
shaft governor type, exemplified by
the Buckeye, first attracted general

notice in the engineering world.

About this same time marine steam
engineering which, of necessity, has

always been the leader in improve-
ments, had fully demonstrated the econ-

omy of higher pressures and multiple

expansion, and stationary engine build-

ers were not long in following suit.

With the compound engine and the

demand for larger units of power, from
fifteen hundred to two thousand indi-

cated horse-power, came, of necessity,

the large cylinder, and as the horizontal

type, either cross-compound or tandem,
was adhered to, we had pistons of from
fifty to sixty inches diameter, and from
four to six feet stroke, travelling back
and forth from six to eight hundred feet

per minute in the cylinders, with the

6-1 Copyright, 1896, by The Cassier Magazine Company. All rights reserved. 403
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consequent great wear and tear of pack-
ing, " bullrings " and cylinders, to say

nothing of the barrels of cylinder oil ex-

pended in the too often vain attempt to

keep then from cutting.

Few designers have taken into con-

sideration that the weight of the piston

increases nearly with the square of the

diameter, and that if it is to be run on its

side, the supporting surface should be
increased in a like ratio, so that there

are very few of these large cylinders

that have not been a source of anxiety

and expense from the day they were
started.

In the naval services in the days of

wooden ships, it was necessary for

safety to use the horizontal engine and
the same difficulties were encountered

there. To overcome this, the " tail

rod," running through the back head,

and the " half-trunk," extending out in

the same way, were resorted to quite

extensively in the English and French
services, but in the United States Navy
lighter pistons, made of bronze, and
deeper rings, found much greater

favour.

The merchant marine, having no shot
and shell to dread, has almost always,

both with side wheels and screw pro-

peller, used the vertical engine, and
trouble with scratched or cut cylinders

is a thing almost unknown in its en-

gines. With the protected hulls of

modern war ships the vertical engine
was largely adopted and it is safe to

say that the splendid results of speed

VERTICAL COMPOUND MILL ENGINE. BUILT BY THE RICE & SARGENT ENGINE CO., PROVIDENCE,
R. I., U. S. A. CYLINDERS, 28 AND 60 INCHES DIAMETER. STROKE, 48 INCHES.

100 REVOLUTIONS. HORSE-POWER, l800.
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400 HORSE-POWER COMPOUND ENGINE. BDILT BY MESSRS. ROSS & DUNCAN, GOVAN, ENGLAND.
CYLINDERS, 19 AND 33 INCHES. STROKE, 48 INCHES.

never could have been obtained with
the old horizontal back-acting engines.

With their surface condensers re-

turning all the condensed steam to the

boilers, if cylinder oil was used in these

engines with the liberality that it is in

large horizontal stationary engines,

their boilers would not last a week, but
the fact is that on the large cruisers lit-

tle or no cylinder oil is used; the cyl-

inder condensation, on account of the

vertical position of the cylinders, affords

ample lubrication.

But to return to the shore. The
great increase in the use of power for

the generation of electricity in large

quantities, has served to develop large

stationary engines, and as such plants

are usually in thickly populated dis-

tricts, where land or floor space is ex-

pensive, the vertical engine has received

the preference to a great extent; for a

given power, it occupies less floor space

than any other type. For the same
rotative speed and power the cost of

building such engines is about equal,
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TRIPLE EXPANSION ENGINE AT THE
CO., AUBURN, N. Y.

whether the vertical or horizontal type
is used, but as builders become used to

designing and building the vertical en-

gine, I think the first cost will be in

favour of this type.

As to accessibility for repairs and
care in running, there is little to choose
between them, but with a properly
rigged overhead travelling crane I think

the matter of overhauling the vertical

is the easier, whereas in running, it is

doubtless more convenient to have
everything on one level.

In the matter of friction, the vertical

engine, too, has a great advantage, as the

packing, besides its appropriate office

of preventing steam leakage past the

piston has only to guide it also, whereas
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in the horizontal engine it must not only

support the entire weight of the piston,

but also the pressure of steam, as the
" bull ring " generally fits the bottom
half of the cylinder steam tight, but
allows the steam to enter on top as far

as the packing ring. In the vertical en-

gine, on the down stroke of the piston,

the weight of the latter adds to the mean
effective pressure as much as it de-

tracts from the same on the up stroke,

which, of course, can be offset by
varying the cut-off on the different

strokes, allowing a greater mean effec-

tive pressure of steam below the piston

than above it.

In the vertical design, the weight of

the cross head does not increase the

slide friction which is not the case with

the horizontal engine when running,

with the crank passing the upper arc

as the piston goes towards the shaft;

and when the reverse direction is used,

although the slide is relieved of the

weight of the cross head, a worse
trouble is introduced, namely, the slap-

ping up and down of the cross head at

each end of the stroke.

As an instance of what has been done
in cotton mill practice, it is interest-

ing to note that about eighteen months
ago it was decided to put in a steam
engine at the Jefferson mill of the

Amoskeag Manufacturing Company,
at Manchester N. H. This mill, of

about 62,000 spindles, is driven, when
water is available, by three pairs of

Risdon water wheels, arranged on one
continuous line of shafting which also

carries all the main driving pulleys.

These wheels aggregate about 2000
horse-power and the shaft revolves at

232 turns per minute. It is near the

west wall of the mill, which is directly

on the bank of the Merrimack river,

and the spring freshets have at times

risen five feet above this shaft.

The direction of revolution is with

the top to the east, so that to belt on to

this shaft and have the driving strand

below, as it should be, it would be ne-

cessary to place the engine out in the

bed of the river. This it was possible

to do, but not advisable. If rope driv-

ing was to be used, the engine must go

there, for in no other way could a rope
drive be satisfactorily arranged.

To use horizontal engines, directly

connected to the shaft, they would still

have to be in the river, or, if placed to

the east of the shaft and " run under,"
the objection which has already been
mentioned would obtain.

All things considered, it was decided

to use a vertical engine connected di-

rectly to the shaft and running, of

course, at a speed of 232 revolutions

per minute.

The scheme laid out was for a triple

expansion engine, using steam of 160

pounds gauge pressure, with four cyl-

inders,—one high, one intermediate,

and two low-pressure?,—arranged in two
tandems with the high and intermediate

on top, and the crank shafts coupled

with a removable plate, so that the

high-pressure cylinder and its low-

pressure cylinder, which come next the

driving pulleys, could be used separately

from the other two cylinders for part

power.
This scheme was sent to several firms

of engine builders, some of whom shook
their heads and concluded that they did

not want any of it, but four or five very

good offers were made and the contract

was finally given to Messrs. Mcintosh,

Seymour & Co., of Auburn, N. Y.

The cylinders are, one of 22^4 inches,

one of 36 inches and two of 40 inches

diameter, and all of 22-inch stroke.

The pistons are conical steel castings;

the piston rods and cross heads are

single steel forgings; the connecting

rods, cross head pins, crank pins and
shaft are all hollow, the latter being of

nickel steel, forged by the Bethlehem
works; the main bearings and slides

are water jacketed.

There are separate reheating receiv-

ers between high and intermediate, and
intermediate and low-pressure cylin-

ders. The exhaust from the low-press-

ure cylinders passes through a tubular

feed water heater to a gravity condenser

placed outside the mill wall. The en-

gine was erected during the latter part

of last winter. It was in perfect run-

ning order on February 29, and on
March 2 was under water up to the
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stuffing boxes in the unprecedented
freshet of that date.

Recovering speedily from this unwel-

come baptism, it has been run a consid-

erable part of the time up to date, and
though from press of other matters, all

the condensation from the jackets and
reheaters is still going to waste,

and the engine is underloaded by
at least two hundred horse-power,

the coal per horse - power is 1.38

pounds, including all coal expended for

starting and banking fires.

There is no trouble from heating, the

regulation is very perfect, and there is

no noise or jar; in fact, the result con-

firms the writer in his belief of years'

standing that for large powers there

is nothing so suitable as the vertical

engine.

A SHOP VIEW OF THE AMOSKEAG ENGINE AT THE WORKS OF THE BUILDERS.



THE NAVAL WEAKNESS OF THE UNITED STATES.

By Win. Ledyard Cathcart.

W ITHIN a

decade
there has

been a complete
transformation i n
the character of the

ships which form the

United States navy.

At the beginning of

that period, its fleet

was a feeble force of

unarmoured cruis-

ers, with but little

speed, and carrying

obsolete ordnance.
The changes since

then have been so

radical, so extended,
and relatively so swift, as to warrant
fully the words of Engineering , of Lon-
don, in describing their result as " one
of the most remarkable features in the
peaceful records of modern navies."
The number of vessels built, or build-

ing, during these years is, relatively,

not large, but it may be said with jus-

tice that the appropriations authorised
by the United States Congress for this

purpose have been expended wisely and
that such ships as the nation now pos-
sesses are of high rank in their class.

The battle-ships are remarkable for the
armour and armament carried on their

displacements, for the weight of project-
ile thrown, the close concentration of
gun-fire which is possible, and for their

stability as gun-platforms.

They are, however, inferior in speed
to some European vessels of their type,

—a weakness which Commodore Mel-
ville, the engineer-in-chief of the United
States navy, opposed strenuously in

their design. Years ago, with keen
prescience, this distinguished officer

gave speed its place as a factor of

prime importance; and this, with
strong insistence, he has urged as the

fleet has grown. To him, speed means
position—the

'

' weather-gage
'

' of the

old days—and position, with skill and
daring, gives success. In forceful words,

he has said:
—

" Speed, and particularly

its control, form the cardinal elements
of tactics. " It is to be regretted, then,

that, in these vessels, engine power has

been forced to yield to armament and
armour.
As to the cruisers, this cannot be

said. In the Columbia and Minneapolis
the United States has still the swiftest

war vessels of their type, and the record-

run of the former across the Atlantic is

yet without a parallel in naval history.

The ordnance mounted on these

ships, while without especial novelty,

is equal to the best in Europe; in arm-
our, America, for a time, led the world
and is still in the front rank ; and, as to

United States naval engines, Fleet En-
gineer Reginald Oldknow, R. N.

,
pays

them, inferentially, a strong compli-

ment when he says:
—

" From foreign

nations, in the matter of machinery, we
(Great Britain) have little or nothing to

learn, even from the United States."

With the quality of its fleet, then, the

American nation may, on the whole,

be well content.

We have, however, in Captain Alfred

T. Mahan, U. S. N. , unquestionable

authority for the statement that
'

' his-

torically, good men with poor ships are

better than poor men with good ships."

Ships, their machinery, armour, arma-
ments, crews, and officers' corps, are

but the links which, united, form the

chain of an efficient naval force; and ol

these links, this distinguished writer

ranks the official personnel as the most
vital. A chain has but the strength of

409
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its weakest link; and, in measuring
American sea-power, it must be remem-
bered that the cardinal link in its chain
has become fragile through thirty years
of friction. In the factional strife with-

in the body of its officers of the line, in

the now historic warfare waged by a por-

tion of that body upon the staff corps,

lies the naval weakness of the United
States.

Peace, while the boon of nations, is,

in a sense, the bane of a modern naval
force. Within a generation, there has
been a revolution in the methods and
the mechanism of warfare on the sea.

During this time of change, no great
naval power has found a worthy foeman
on whom to test the ability and training

of its officers and seamen and the deadly
power of the mighty enginery of war
which this period has brought forth.

And so, year after year, this mechanism
grows more involved, complication fol-

lows complication, until humanity alone
keeps from the student of naval con-
struction the wish that the thundering
broadsides of battle would solve some
of his intricate problems and sift the
wheat from the chaff.

It is in the education of officers that

this uncertainty is, perhaps, most
severely felt. Navies are, of all institu-

tions known to men, the most isolated,

conservative, and hide-bound by pre-

cedent and tradition. In the United
States especially, have these influences

dominated. For a score of years after

the Civil War, its fleet steadily became
feebler and more obsolete; and yet,

during these years, and to this day,
there has been maintained a corps of
line officers, far in excess of its needs,
and skilled only in the arts of naviga-
tion and ordnance which they used so
ably in that war, while engineering has
given to naval science appliances un-
dreamed of then, and has invaded even
the field of duty which these officers fill.

And so, we find, while the United
States navy, in its awaking, has become
almost wholly an engineering service,

that old methods still hold sway and
that there still prevails an antiquated
organisation, which one brief naval war
would rudely shatter. On January i,

1896, there were afloat in the war ves-

sels of the navy 415 line and engineer

officers, of whom the latter formed but

22.4 per cent. When it is remembered
that these ships are filled with intricate

mechanism, not only for propulsion,

but for every service which makes a war
vessel formidable; that, while line offi-

cers operate some of these devices in

action, engineer officers only are trained

in the knowledge of their construction,

repair, and maintenance; and that the

removal of this 22 per cent, of engineers

would leave the remaining 78 per cent,

of this official complement helpless to

steam a fathom, to load or train a high-

powered gun, or, indeed, to exist on
these ships, the absurdity of such a sys-

tem of naval education becomes mani-
fest.

Long ago, in the shock and stress of

a great war, Gideon Welles, in many
respects the ablest naval secretary

Amercia ever had, realised this. In his

official report for 1863, we find:

—

" It is a question, indeed, as sails are

subordinate to steam, whether every

officer of the line ought not to be edu-

cated to, and capable of, performing the

duties which devolve upon engineers."

And, in 1864, we find him repeating

and emphasising these words, thus:

—

" It is respectfully submitted, in view
of the radical changes which have been
wrought by steam as a motive power
for naval vessels, whether steam en-

gineering should not be made to con-

stitute hereafter a necessary part of the

education of all midshipmen, so that in

our future navy, every line officer shall

be a steam engineer. * * * Sea-

manship and steam engine driving will

each be necessary to make the finished

professional officer. * * * The
remedy for all this is very simple, pro-

vided the principle were once recognised

and adopted of making our officers en-

gine-drivers as well as sailors. * * *

Objection may be made that the duties

are dissimilar and that steam engine

driving is a specialty. The duties are

not more dissimilar than seamanship
and gunnery, etc."

In his day, practically the only me-
chanism was that for propulsion; its
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vast increase since then, for other uses,

but adds force to his wise words.

It is neither, however, with the edu-
cation, nor with the internal strife of

the line of the United States navy that

this paper is chiefly concerned. It has

been shown that the vital need of that

navy is a strong" body of officers, of the

line or staff, who are skilled in engineer-

ing-. For the present, this want could

be filled most readily, perhaps, by a

sufficient increase in the corps of en-

gineers. Such an increase is, however,
bitterly resisted by a large body of the

officers of the line who fear that their

historic prestige will be lessened and
who seem ignorant of, or careless as to,

existing engineering needs.

There seems to be an ample revela-

tion of the methods which this ignoble

warfare has developed in an open letter,

entitled " Queer Doings in the Navy,"
addressed by Mr. Asa M. Mattice to the

Hon. Francis H. Wilson, a member of

the naval committee of the United
States House of Representatives, who
has shown marked zeal and ability in

advocating legislation for the reorgani-

sation of the corps of engineers on a

modern basis. Mr. Mattice' s right to

speak consists in his graduation, with

distinction, from the United States

Naval Academy in 1874; in his service

of sixteen years as an engineer officer;

and in his wide experience during that

period—in active cruising at sea, as in-

structor at the naval school for three

years, and for three years also in Wash-
ington as assistant to the engineer-in-

chief. In this letter Mr. Mattice brings

forward a large amount of evidence in

support of statements, in part as fol-

lows:

—

That '

' the navy is managed practi-

cally by a certain clique of line officers,

better versed in the arts of intrigue than
in their own profession, who have, by
hook and by crook, so managed to gain

control of affairs that they are enabled

to run the navy so as to further their

own interests rather than the interests

of the country."

That
'

' they (the alleged clique) have
not only decreased the efficiency of the

engineering branch of the service by

cutting down that corps to such a small

number as to make it impossible to per-

form their duties properly, but they
have decreased the efficiency of their

own (line) corps by increasing their

numbers to such an extent that they
are unable to get enough practice in

the duties of their profession."

That '

' discrimination is made against

the engineers of the navy by reason of

their rank being, technically, only rela-

tive,' ' and that " perhaps the best illus-

trations of unjust discrimination can be
found in the results of trials by court

martial.'

'

In reviewing these charges, we shall

consider the evidence accompanying
them, and shall present further facts of

importance from the United States

Naval Regulations and other sources.

I. As to the Alleged Ruling
Clique.

The Navy Register for January 1,

1896, shows that there were then on
duty in Washington ninety-three offi-

cers of the line, a number equal to more
than one-half the total strength (173)
of the corps of engineers on that date.

Since, at this time, the number of line

officers on the home and the four for-

eign squadrons ranged from twenty-

eight on the South Atlantic to seventy-

seven on the Asiatic station, it is ap-

parent, that, with the relatively small

American fleet, such a force at the cap-

ital is excessive.

In investigating the services assigned

these officers, we find three acting as

aids to the secretary and assistant sec-

retary of the navy, which duty, at the

most, must be but general; four are in

the office of the judge advocate gen-

eral, where the work is purely legal;

five in the library and war records

office, where it is literary and clerical;

and nine in the office of naval intelli-

gence, whose task is the compilation of

information as to naval science obtained

at home and received from abroad.

As to these twenty-one positions, it

may be said that, as a rule, they were

formerly either filled by civilians, or did

not exist, excepting some of those in

the naval intelligence office, in regard
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to which Mr. Mattice notes:
—

" Ten
years ago it gave employment to three

line officers and one engineer, now it

requires nine line officers and no en-

gineer.
'

' It would seem that this office

is somewhat indifferent as to the pres-

ent position of engineering in its rela-

tion to naval warfare.

We find, in addition, two officers in

the bureau of yards and docks, whose
function pertains almost solely to civil

engineering and two more on the steel

board, whose work is that of mechani-
cal engineers. The remaining sixty-

eight officers are distributed in varying
numbers through the Washington Navy
Yard and the different bureaus and
offices. There are, for instance, eleven

in the bureau of navigation and eight

in that of equipment, which numbers
seem large indeed when it is considered
that much of the work of these bureaus
is routine and clerical and when they
are compared with that of the engineer
officers—ten, including the engineer-in-

chief— who are stationed in the bureau
of engineering and by whom the steam
machinery of the new navy is designed
and the other duties of that bureau are

performed. It has been estimated that

the cost of graduating a cadet from the

United States Naval Academy is about
$18,000; it cannot be for economy,
then, that line officers are employed in

clerical duty.

Certain publications issued in Wash-
ington throw some light on the occupa-
tion—partial at least—of a portion of

these officers. Among them may be
mentioned the " Argument of the Naval
Association in favour of the Bill H. R.

5215, to improve the efficiency of the

personnel of the Navy" (8 vo.
, pp.

24) ;

'

' An Argument by the Naval As-
sociation in relation to House of Repre-
sentatives Bills Nos. 790 and 2915 and
Senate Bill No. 349, on the Reorgani-
sation of the Navy" (8 vo.

, pp. 16);
and the

'

' Argument of the Naval As-
sociation in relation to the Bill H. R.
No. 3618 (Senate No. 735) " (Wash-
ington, D. C. , 8 vo.

, pp. 51).

The '

' Naval Association
'

' represents

one of the two main factions of the line

of the navy. The first " argument "

is in favour of a bill drawn mainly to

further the promotion of the members
of this " Association;" the second is

against a bill introduced through the

efforts of the main opposing faction; the

third is against the pending bills for

the increase of the corps of engineers

and merits especial attention.

Its text begins:
—

" The Naval Asso-
ciation presents the following reasons

against the enactment into law of the

Bill H. R. No. 3618 (Senate No. 735);"
it is accompanied by a circular which
states, in part:

—
" The undersigned re-

spectfully urge a reconsideration of any
support of the mixed bills referred to

above.
'

' This circular is signed by
thirteen line officers as a committee of

this association. Of these officers, eight

were on duty in Washington on Jan-

uary 1, 1896, and the list is headed,
fitly enough, by a commodore who has

had but fourteen years, three months'
sea-service out of a total service, to that

date, of forty-four years, three months;
and finally, the value of this document
as an " argument " may be measured
from the wholly untrustworthy state-

ment to be found on page 34, as fol-

lows:
—

" It has been shown already

that there is no scarcity of naval en-

gineers, nor any probability of such
scarcity.

In this connection, it is of importance
that attention be directed to Art. 235,
of the navy regulations, which pro-

hibits any person belonging to the navy
from any " attempt to influence legis-

lation, in respect to the navy, other-

wise than through, and with the ap-

proval of, the department." These
pamphlets were not issued

'

' through
'

'

the navy department and they contain,

apparently, no statement that they have
its

'

' approval.
'

'

There seems to be abundant evidence

to warrant the belief that there is main-
tained at the United States capital,

where legislation is enacted and legis-

lators can be approached, a force of line

officers far in excess of the nation's

needs ; that this force is engaged largely

in clerical, legal, and other non-profes-

sional occupations; and that a part ot

it, at least, is employed, openly and in
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seeming defiance of the naval regula-

tions, in attempts to influence naval

legislation, both in furthering its own
interests and in attacking those of others

whom it may see fit to oppose.
The secretary of the navy is usually

a skilled lawyer— never a sailor nor an
engineer. Naval organisation and ad-

ministration abound in obscure techni-

calities, and, hence, this official must
rely largely on naval officers for infor-

mation, advice, and the execution of
his orders. No matter how upright or

able he may be—and few American
secretaries have been otherwise—the
numberless details of his office and his

environment are such, that, unwittingly,

he may permit, or directly authorise,

action to the prejudice of officers or

corps.
' Congress enacts laws for the govern-
ment of the navy; on these, as a foun-

dation, the secretary, nominally, makes
regulations. The fundamental statutes

relating to the matter are relatively few;

and yet the present navy regulations,

issued in 1893, comprise 1876 articles,

with numerous paragraphs, and form
an octavo volume of 482 pages, the
subject having been elaborated with in-

definite detail.

The revision of these regulations is

entrusted, from time to time, by the

secretary to a board of officers, always
wholly or in majority of the line. The
board engaged at present in this work
is composed of two line officers and the

chief clerk of the department, a civilian.

It will be observed, that, while the offi-

cers of the line do not make the basic

laws for the navy, they revise the reg-

ulations which are, in effect, its govern-
ing laws—bearing to the original stat-

utes a relation somewhat analogous to

that between the laws enacted by Con-
gress and the United States constitution.

It will be observed, also, that these

regulations are not necessarily legal;

they represent, at the best, but the

views of this board as to what the law
directs or as to what it, or the secre-

tary, will permit.

Let us observe the course of an ap-
peal from these regulations. From
them, we quote:

—

Art. 5:
—

" There shall be in the navy
department a judge advocate general
of the navy,

'

' etc.

Art. 23, Par. 4:
—

" The judge ad-
vocate general shall be an officer of the
navy or marine corps," etc. At this

time he is an officer of the line.

Art. 14, Par. 3:—" It shall also be
the duty of the judge advocate gen-
eral to consider and report upon all

matters which may be referred to him
by the department, involving questions

of law, regulation, and discipline;

* * * all questions relating to the
meaning or construction of the general
regulations of the navy,

'

' etc.

Under present conditions, then, any
appeal from an oppressive regulation,

formulated by line officers, may be re-

ferred to a judge advocate general,

who is also a line officer. Apparently
the line of the navy, at this time, makes
not only its governing laws, subject to

the secretary's approval, but attends
also to the interpretation thereof.

The following regulations indicate the
line barrier which lies between the staff

of the navy and its secretary:

—

By Art. 3 there is constituted a bu-

reau of navigation, whose head is at

this time a line officer.

Art. 6, Par. 1, gives this bureau
charge of " the promulgation, record,

and enforcement of the orders of the

secretary to the fleet and to the officers

of the navy, except such orders (a lim-

ited number) as pertain to the office of

the secretary.
'

' Under this regulation,

no head of a staff bureau, such as the

engineer-in-chief, can detail one of his

own officers to any duty. He nomi-
nates the officer, but this bureau may
refuse to issue the order and an appeal

to the secretary is met by its opposi-

tion.

Art. 6, Par. 3:—This bureau " shall

establish the complement (crew) of all

ships in commission." The engineer-

in-chief can only advise, under this, as

to the number of machinists and fire-

men which a certain ship shall have; he
is powerless in fixing its force.

The far-reaching powers of this line

bureau are still further indicated in the

following, which has replaced Par. n
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and 12, Art. 6, since the revision of

1893:—
* * * " All official communica-

tions between the navy department
and its officers and ships in commission
for sea-service which refer to the move-
ment of ships, to their condition, to

their repairs, to their availability for

sea-service, and to their personnel,

shall be forwarded through this bu-

reau.
'

' This gives to it the practical

control, in detail, of the ships afloat

with their officers and men, of every
corps and department. There are few

communications, if any, from cruising

ships to the secretary, or the reverse,

which do not pass through its office.

The staff is, in this, completely in line

hands.

It will be observed that the regula-

tions just quoted place the personnel of

the navy generally under the control of

the line bureau of navigation. To this

provision is due what seems to be a most
flagrant act of injustice to the corps

of engineers and to the country. From
the entry into office, in 1887, of the pres-

ent engineer-in-chief, there came from
him, year after year, in his official re-

ports, strong representations to the sec-

retary and to Congress in regard to the

depleted ranks of his corps. These
were displeasing to officers who were
desirous of weakening, not strengthen-

ing, that body; but no method ofrepress-

ing them was found until, in 1893, there

was discovered, in a law relating to the

public printer and passed in 1884, the

following:

—

* * * '

' Nor shall the public

printer print any document or matter

of any character whatever, except that

which is authorised by law and neces-

sary to administer the public business;

nor shall any bureau officer embrace, in

his annual or other report to be printed,

any matter not directly pertaining to the

duties of his office as prescribed by
law." (Public Printing and Binding

Act of July 7, 1884; Stat. 23; p. 227.)

This, with the personnel provisions

of Art. 6, settled the matter; and, from

1893 onward, the engineer-in-chief has

been " muzzled, "as the daily press, at

that time, characterised it. The need

of his corps may be desperate and the

danger to the nation imminent, yet the

engineering head of the navy must be
silent before the secretary and before

Congress, since a board of line officers

has placed his personnel in the hands
of what seems to be a usurping bureau
of the line. It is difficult to speak with

moderation of this act.

The following is a minor instance of

the same nature:

—

Art. 1609, Par. 5 (substituted since

1893 revision):
—"Captains of ships

shall conduct all correspondence with

their commander-in-chief or with the

navy department upon all matters of de-

tail relating to their command. Letters

of heads of departments of the ship,

upon such subjects, shall be addressed to

the captain, who may, as he deems best,

either forward the original with a proper,

endorsement, keeping a copy of both
letter and endorsement, or write a sep-

arate letter and retain the original on
the ship's files."

That is to say, the chief engineer,

who is one of the " heads of depart-

ments,
'

' and has under him several offi-

cers and from 25 to 60 per cent, of the

ship's complement, writes a letter re-

ferring to the machinery or to this force.

The captain is permitted by this article

to retain this document and, if he deems
best, to write one in place of it oppos-

ing diametrically the views which it

contains.

The evidence as to the existence of

the clique of line officers, which, it is

alleged, controls the United States navy,

seems to be somewhat formidable. We
have first a civilian secretary, who, with

the other grave duties of his office,

finds his four years' term all too brief to

grasp fully the details of naval admin-
istration and the ramifications of naval

chicanery, if it exists.

At Washington, we find an absurdly

large force of line officers, many with

legal, clerical, and other non-profes-

sional occupations, and some engaged
openly in attempts to influence naval

legislation. These fill all avenues to

the secretary and form a cordon of out-

posts about him.

There is then a powerful line bureau,
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wide spreading as a great octopus,

reaching to every office and to every

ship, and through which the bulk of the

secretary's correspondence with officers

passes to and fro.

We find the engineer-in-chief without

power to detail one of his own officers,

or to determine the engineers' force of

a ship, or to speak in his report of his

own personnel.

We find the line of the navy revising

the internal regulation of that service;

interpreting them when they are ap-

pealed from; as executive officers, en-

forcing them; and as will be hereinafter

shown, acting as judge and jury, when,
in their opinion, these rules are in-

fringed.

The founders of the American repub-

lic drew wide bounds between the leg-

islative, judicial, and executive func-

tions of its government. Is it reason-

able to suppose, that, at any period in

the history of Congress, it would have
authorised, en bloc, any such combina-
tion as the system which has been out-

lined above ? Why, then, does it ex-

ist ? How has it grown ? Let its

builders answer. The very complete-

ness of the results which have been at-

tained, seem to prove organised effort

extending over a long period of years.

II. Undue Reduction of the
Corps of Engineers.

If, as is alleged, a clique of line offi-

cers has controlled, in effect, the United
States navy for years, it needs no dem-
onstration to prove that the corps of

engineers must be especially obnoxious
to this clique, since, with the vast ad-

vances of engineering in naval warfare

—not only in propulsion, but in naviga-

tion, artillery and torpedo service, light-

ing, ventilation, etc.—that corps must
constitute, necessarily, the most formid-

able foe to the continued supremacy in

the navy of the line, and, hence, to the

power of this alleged clique. Let us

consider, then, some points in the his-

tory of the engineer corps since the

Civil War.
From Mr. Mattice's data, we learn,

that, in 1864, during that war there

were, in the regular and volunteer serv-

ice, 2846 line officers and 1728 en-

gineers, a ratio of 1.64 line officers to

each engineer. "These numbers had
been fixed by the necessities of war, and
it is by reason of wars that navies exist.

'

'

In 1866, just after that war had ended,
there were left in the regular service

395 line, and 379 engineer officers, a

ratio of 1.04 to 1. The Navy Regis-
ter for January 1, 1896, shows 715 line

officers and but 173 engineers, a ratio

of 4.13 to 1. Since 1866, then, one
corps has grown and the other has been
reduced until, in 1896, we find over 80
per cent, more line officers, with the

engineer officers decreased by 55 per
cent.

From this, one might fancy, that,

during these years of peace, naval en-

gineering had slept, or rather that it

was a dying science. Exactly the re-

verse is true; it has gone forward with

giant strides. The horse-power of the

United States naval vessels has grown
from the maximum of 1000 in 1864, to

the 20,862 of the Minneapolis to-day.

The era of the compound engine has
begun and ended, and the triple and
quadruple expansion stages have been
reached; boiler pressures have ad-

vanced from 40 pounds to 160 pounds
and upwards ; the single screw-propeller

has given way to the twin and triple

forms; there have been introduced

forced draught, air-tight firerooms, and
the separation of the machinery into

compartments; and the half dozen aux-
iliary engines of the monitor have
grown into a mass of machinery thus

classified, which in the Columbia, for

instance, comprises 91 separate engines

with 171 steam cylinders.

As has been noted previously in the

pages of this magazine, the United
States naval regulations require en-

gineer officers to inspect and keep in

repair all of this so-called " auxiliary
"

machinery which has so many varied

functions in propulsion, navigation,

artillery service, etc. These officers

are, hence, neither steam nor propell-

ing engineers merely; but are, neces-

sarily, experts in the designing of steam
machinery and in the construction,

operation and conservation of steam,
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electric, hydraulic, and pneumatic
mechanism, as applied to naval uses.

The field of the engineer in the United
States navy is now so wide, that, with-

out his care and skill, not an anchor
could be weighed; a helm swayed; a

hull manoeuvred; a high-powered gun
loaded, elevated, or trained; a torpedo
discharged; a search-light flashed; or

the heating, lighting, and ventilation of

the ship secured.

The persistence and audacity of the

efforts to reduce the corps of engineers

were shown notably in the illegal drop-

ping from the service of twenty-nine

cadet engineers at their examination

preparatory to the receipt of commis-
sions. This was done under a false in-

terpretation of the act of Congress of

August 5, 1882; and Mr. Mattice notes,

that, despite decisions in their favour by
the Court of Claims and the United
States Supreme Court, the return of

these officers to their proper position

and rank in the service was resisted suc-

cessfully until 1888, when a special act

of Congress to that effect was passed.

It is not to be supposed that these

repeated reductions have been effected

without protest. Time and again those

who know the danger to a navy, in this

respect so under-officered, have given

forceful warning and have made stren-

uous appeal. In his first report,—that

of 1887,—after his entry into office,

the present engineer-in-chief said:

—

'

' The whole number of engineers in

the service on the first of October of

this year (1887) was 223. * * *

The bureau being already embarrassed
in the assignment of officers in such a

manner that the machinery of vessels

in commission may be properly cared

for and, at the same time, the multi-

farious duties on shore properly attend-

ed to, it is difficult to foresee what is to

be done when the personnel of the en-

gineer corps becomes reduced to the

legal limit of 170. * * * I would
recommend that, if possible, the num-
ber of passed assistant engineers should

be increased to the former number of
100.

"

These statements were repeated, year
after year, with more insistence, as the

need became more urgent, until, in his

report for 1893, we find this distin-

guished officer saying:

—

'

' There are at this date (September
29, 1893) 180 commissioned officers on
the active list of the engineer corps of

the navy. * * * Were the navy a

mercantile concern the present state of

affairs would not last beyond the time
necessary to change it, for men with

capital invested in machinery see to it

that there is a force sufficient to keep it

in proper maintenance. * * * The
value of the naval machinery now owned
by the government, and in process of

construction, is about $24,000,000 and
it has now come to the point where
Congress must decide whether it is more
economical to properly care for this

machinery and keep it always in an
efficient condition, or to let it run on
as long as it will and then replace it,

taking meanwhile the risk of having it

fail when most needed. * * * The
officers of the engineer corps at sea on
the new vessels have altogether too

much work to do now. * * * The
result of this hard work is being seri-

ously felt; retirements are increasing

and the government is thus subjected

to an expense greater than would be in-

volved in now granting a fair increase

of numbers, while some of those who
manage to complete a cruise in one of

the high-powered ships only await a

favourable opportunity to resign.
'

'

These strong and frank words were
bitterly resented by the opponents of

the engineer corps; and, after this date,

we find no mention of the matter in the

reports of the engineer-in-chief, his

voice having been silenced as to this,

the most vital need of the navy, by
methods which have been noted pre-

viously herein. In 1891, in his annual
report, the secretary of the navy said:

—

" The report of last year (1890)
pointed out the necessity of congress-

ional action in reference to the naval

personnel, both of the line and engineer

corps. * * * It was then stated

that there were not at the time '

' enough
engineer officers in the navy for ordi-

nary working purposes and if no addi-

tional ships were built an enlargement
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of the corps would be necessary.
'

' A
modern man-of-war is a vast and com-
plex machine, needing intelligent and
trained minds to insure a perfect work-
ing of the parts, failure in any one of

which may be fatal at a vital moment.
* * * It is false economy to put in

our new vessels all that is most ad-

vanced in high-pressure machinery and
the multitude of engines and devices by
which steam and mechanical appliances

are made to do the work of man, and
then to provide an insufficient number
of officers to control them."
On April 20, 1892, the committee on

naval affairs of the Senate, in reporting

favourably a bill to increase the corps
of engineers from its then strength, 189,

to 303, said:

—

" It will be seen that the total num-
ber for supplying effectively the de-

mands of the navy for sea and shore

duty is 303, an increase of 114. * * *

In view of the increase in the number
of war-ships, completed, and provided
for, * * * your committee is of

opinion that this number, added to the

engineer corps, of the navy is not only

not excessive, but necessary to meet
the requirements of the service."

And, finally, the present American
ratio of 4. 13 line officers to one engineer

officer is notably excessive, when com-
pared with that of the most powerful

navy of the world. Great Britain, Mr.
Mattice states, has " 1730 line officers

and 795 engineers, a ratio of 2.18 to 1,

or nearly twice the proportionate num-
ber of engineers,

'

' and yet in its issue

of February 7, 1896, The Engineer, of

London, says:

—

We have not engineers enough for

the ships we now have ; whence are they
to be had for the large additions that

must be made to our fleet ?"

And again under date of May 15,

1896, this journal states:—" The ad-

miralty * * * admit that there is

not a sufficient number of engineers

available to supply all our ships.
'

'

In view of the relatively large pro-

portions of the corps of engineers in

the Civil War; of its ever widening field

since then; of its meagre numbers now;
of the strenuous efforts of successive

6-2

engineers-in-chief to resist repeated re-

ductions; of the favourable views re-

garding its expansion which are indi-

cated in the typical quotations, cited

from official and congressional sources;

of the marked disparity, both relative

and actual, between the engineer staff

of Great Britain and that of the United
States; and of the steady and growing
demand of the American press, both
professional and lay, that this arm of

the service shall be strengthened, the

conclusion is inevitable, that, in these

thirty years of peace and politics, the

reduction of this corps has been effected,

and a proper increase is now resisted,

by such organised opposition of a body
of officers of the line as has been already

referred to in the printed and audacious
'

' Argument of the Naval Association
'

'

of the line against the bills now pending
for the increase of the corps of en-

gineers.

III. Undue Increase of the Line
Branch.

As to this, Mr. Mattice says:—" We
find, that, while there are only seventy
chief engineers in the navy, there are

130 commanding officers—an anomaly
which appeals directly to one's common
sense. Of the forty-five captains, we
find only eighteen at sea. Of the

eighty-five commanders, we find only

seventeen at sea. We also find such
anomalies as a commodore who has had
but 14 years 3 months' sea service out

of a total service of 44 years, and an-

other with only 13 years 4 months' sea

service out of a total service of 43 years.

The senior captain has had but 2 years'

sea service out of nearly 1 2 years in his

present grade. The next captain has

had 3 years' sea service out of 1 1. The
next one, 2 years 2 months out of 1

1

years; the next one, 1 year n months
out of nearly 1 1 years, and so on. The
senior commander has had only 3 years'

sea service out of over 14 years in his

present grade. The next one only 4
years 7 months out of 14 years. The
next only 4 years 5 months out of 14

years. The next only 3 years ir

months out of 14 years. The next

only 2 years 6 months out of 14 years,
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and so on.
'

' This list of sea service

reads like the roster of some Oriental

fleet; and yet its data are taken directly

from the official register of the navy of

the United States, issued January i,

1896.

We find, further, from this register,

that, on its day of issue, there were at

sea with the home and the four foreign

squadrons, on the training ships of the

navy, and with vessels on special service

or as yet unassigned to a squadron, but

338, or 47.27 per cent, of the 715 offi-

cers who formed then the commissioned
line of the navy. That even this result

was attained only by crowding Amer-
ican ships with line officers, is clearly

shown by the following table, which
gives the number of commissioned line

officers on United States and British

vessels of about the same tonnage and
horse-power, the data being obtained

from the United States Naval Register

of January 1, 1896, and the British Navy
List of February, 1896:

—

Displace- Line Officers
ment, ,

'

,

Tons. U. S. G. B.
U.S.Indiana 10,288 10

G. B. Anson . 10,600 .. 10

U. S. New York 8,200 12

G. B. Blenheim 9,000 __ 10

U. S. Olympia 5,870 n
G.B.Vulcan 6,620 .. 7
U.S.Cincinnati 3,213 9
G. B. Rainbow 3,600 ._ 6
U.S.Bennington. ... 1,710 8

G. B. Brisk 1,770 .. 4

Totals 50 37

It will be seen that the United States

ships have 50 line officers against but

37 on the British vessels, or over 35
per cent. more. While this excess may
not be as great in all cases, the marked
disparity, in this respect, between the

two services is apparent.

To provide for the line officers, who,
even with these crowded ships, would
be left otherwise without duty, has re-

quired much ingenuity and a marked
trespass beyond the legitimate limits of

their profession. The excessive num-
ber stationed in Washington, with their

partial employment in legal, clerical,

and engineering work, has been pre-

viously referred to; engaged in duties

elsewhere, which are not entirely pro-
fessional, we find, on January 1, 1896,
eight line officers with the commission

of fish and fisheries; twenty-nine with

the coast and geodetic survey; nineteen

as light-house inspectors and one as in-

structor at a college. There are, in

addition, nine on the staff of the naval

war college at Newport, which is in

session only in the summer months.
The practice of spreading the work over
as large a number of officers as possible

is, perhaps, most conspicuously shown
in the roster of the Naval Academy.
The Navy Register for January 1, 1873,
shows that in that year there were sta-

tioned at Annapolis twenty-nine line

officers and 248 cadets; the register

of January 1, 1896, shows fifty line

officers for 241 cadets. In the interval

there has been no increase of moment
in the curriculum.

Such a record of inexperience at sea

since the Civil War could but have its

inevitable sequence in the long list of

vessels, lost or stranded during that

period, which has given the United
States navy such unenviable fame and
from which Mr. Mattice cites so many
striking instances. The net result of

the unwise and unpatriotic policy of
overcrowding the line of the navy seems
to have been a loss to the nation of
many millions of dollars and of not a

few human lives. That this is realised

to some extent by able officers of that

branch, is indicated by the following

extracts from the Proceedings of the

United States Naval Institute, Vol.

XXII, No. 1:—
Commander C. H. Davis, U. S. N.

:

—" And there is another tremendous
abuse, still very dear to us all, which
these years produced and made legiti-

mate, so that it is recognised to-day;

that is, the abuse of shore duty. Shore
duty for sailors,—the very idea is

anomalous and absurd. Whenever a
naval officer accepts shore duty, or an
appointment to shore duty, it should
be with a distinct understanding, that,

by so doing, he drops out of the line of
promotion and accepts retirement."

Captain P. F. Harrington, U. S. N.

:

—" It is to be regretted that the cir-

cumstances of our own navy do not per-

mit officers to spend their lives more
continuously at sea. For, mere lands-
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men by habit, however extensive their

naval thought and acquirements, cannot
control a ship under way with that fa-

cility which comes only to the practised

seaman. * * * We should live

more at sea."

These views are, unfortunately, not
shared by all of the officers of the line.

We find in one of the
'

' Arguments '

' of

the Naval Association, the following:

—

There are grave reasons for main-
taining a large number of captains and
commanders, even if they cannot be
kept continuously in practice in com-
mand at sea. >;' * * Few captains

acquire more than 2^ years' sea serv-

ice in that grade, or at the rate of not
more than one-fifth of their time in the

grade. Of the commanders very few
have as much sea service as one-fourth

of their time in the grade."
In the judgment of the unprejudiced

landsman, it would seem that only ne-

cessity of the gravest nature would ex-

cuse the placing of men, with such
scanty sea experience as this, in com-
mand of a ship costing several millions

of dollars and carrying several hundred
human lives.

IV. Court-Martial Justice.

From the many cases noted by Mr.
Mattice, we cite the following:

—

General Court Martial Order No. 33,
April 24, 1894.—The officer accused
was a lieutenant of the line. Charge 1,

" neglect of duty;" charge 2," culpable

inefficiency in the performance ofduty.
'

'

It was specified that the accused, as

navigator of a cruiser at sea, neglected
" to personally take an observation for

longitude;" to " obtain the local devia-

tion of the compass " on two successive

days; and " to advise his commanding
officer, as it was clearly his duty to do,

to lay a safe course for said vessel."

The ship was run upon a bank, was
stranded, and became a total wreck.

Finding as to charges 1 and 2
" Guilty;" sentence, as remitted in

part, "to be suspended from duty for

one year on waiting orders pay, to re-

tain his present number on the list of

lieutenants during said period of sus-

pension.

"

General Court Martial Order No. 43,
July 3, 1895.—The officer accused was
a lieutenant of the line. Charge, "Cul-
pable inefficiency in the performance of

duty.
'

' It was specified against the ac-

cused, that, as ordnance officer ot a

cruiser, and, as such " being responsi-

ble for the efficiency of the armament of

said vessel and of all appurtenances con-

nected therewith, and it being his duty,

before every firing, to examine and see

filled with liquid the recoil cylinders of

the battery, did, nevertheless, neglect

and fail to so examine and see filled the

recoil cylinder " of a rapid fire gun be-

fore target practice; in consequence of

which " the recoil and counter-recoil

piston rods broke upon the first firing

of said gun, and the gun jumped in off

the slide and upon the deck, striking

the gun captain of said gun," a cox-

swain, " in the head, crushing his skull

and killing him instantly."

Finding " Not Guilty. " The secre-

tary of the navy in disapproving the

finding and acquittal of the court mar-
tial in this case, said:

—
" It cannot be,

that, on board a United States man-of-

war, so plain a regulation can be vio-

lated and no one to blame. * * *

Responsibility and authority go to-

gether. * * * If duties are re-

quired to be performed in his (an offi-

cer's) department of the ship, it is for

him to perform them, or see that others

do," etc. The secretary, however, had
power only to disapprove the finding.

The officer was restored to duty.

General Court Martial Order No. 42,

May 26, 1894.—The officer accused

was a passed assistant engineer. Charge,
" Absence from station and duty with-

out leave. " Finding " Guilty. " Sen-
tence, as finally affirmed, " To be sus-

pended from rank and duty for the
period of one ( 1 ) year on furlough pay,,

and to retain his present number on the
list of passed assistant engineers during;

such suspension."

General Court Martial Order No.
67, November 23, 1892.—The officer

accused was an assistant engineer.

Charge, " Disobedience of the lawful

order of his superior officer.
'

' It was
specified against this young officer,
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that, having " received a lawful order

from his superior officer, the officer of

the deck " (a young lieutenant), " to

report to him," he " did refuse to obey,

and did then and there willfully disobey
said order."

It is not to be supposed that there

was actual insubordination in this case.

There was apparently a conflict of reg-

ulations, and a disinclination, on the

part of the engineer officer, to yield to

the provisions of Art. 591,—a regula-

tion which will be hereinafter discussed

and which seems to have been formu-

lated for the humiliation of the staff of

the navy.

Finding " Guilty;" sentence " to be
suspended from rank and duty, on wait-

ing orders pay, for a period of one
year.

'

'

In analysing these cases, we find that

the sentence of the passed assistant

engineer, for absence without leave, is

more severe than that of the navigating

lieutenant, whose ship was lost, since

the period of suspension was the same
with each and the engineer received

furlough-pay
'

' only, which is but
one-half of the " waiting orders pay "

given the lieutenant. Again, the as-

sistant engineer for his refusal to obey
the petty order of his young and tem-
porary superior, was punished almost

as much as was this navigator of a

wrecked vessel. And, finally, we find

the ordnance lieutenant freed from all

blame, although a blue-jacket met death

through some one's blunder, and the

secretary himself was moved to indig-

nant criticism of the reasoning and ver-

dict of the court.

From the marked severity of the

sentences imposed upon engineer and
other staff officers, when contrasted

with those given to offenders of the line

branch, it would seem that line officers

must stand necessarily upon a higher
plane before the law. A consideration

of the status of each will show this to

be erroneous.

For three years after a lad enters the

naval school he is not assigned to any
corps; at the end of that period and
during his closing year, he pursues
special studies to fit him for the line,

the corps of engineers, or the marine
corps, as his preference or the needs of

the service decide. When they are

graduated finally, the cadets of the en-

gineer and line divisions receive com-
missions, the text of which is identical

with all.

The same president, in the same
time-honoured words, reposes " special

trust and confidence in the patriotism,

valour, fidelity, and abilities
'

' of each
and charges " all officers, seamen, and
marines under his command to be
obedient to his orders." To the time

of entry into commissioned rank, the

conditions for all are, then, the same;
as to the status of any officer subse-

quently, it maybe said that the Revised
Statutes of the United States may be
searched from end to end, and in vain,

in the effort to find proof that the law

regards the line of the navy as a body
privileged above their comrades in the

service. To reach the solution, one
must seek further.

It has been shown previously that in

the hands of line officers rest both the

interpretation and the enforcement of

law and regulation. It will now be
shown that these officers form both
judge and jury when, in their opinion,

either is infringed. In considering the

following extracts from the United
States Navy Regulations, it will be re-

membered that these regulations are not

the law; they are merely the law as ex-

pounded and expanded by the gentle-

men who drew them:

—

Art. 1780, Par. 1:—General courts

martial may be convened by the presi-

dent, by the secretary of the navy, or

by the commander-in-chief of a fleet or

a squadron.
Art. 1782, Par. 2:—In detailing offi-

cers for a general court martial for the

trial of a medical, pay, marine, or en-

gineer officer, it is deemed proper, if

the exigencies of the service will per-

mit, that at least one-third of the court

shall be composed of officers of the same
department or corps as the person to be
tried.

Art. 1783, Par. 2:—The limitation

as to the number, rank or corps of the

members is discretionary with the ap-
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pointing power, and his decision there-

upon is final.

Art. 1785, Par. 1:—It is entirely

within the discretion of the officer em-
powered to convene a court martial to

direct what portions of the complaint
against an accused shall be charged
against him.

Art. 1791, Par. 2:— * * * All

the members have equal rights before

the court, and, therefore, when a ques-
tion shall be raised in the course of the

proceedings, the president shall put it

to the court, and it shall be decided by
the majority.

Art. 1872:—Where the law does not
authorise the officer who convened a

general court martial to confirm and
execute the sentence, he has still abso-
lute power to disapprove and annul it,

etc.

The extracts quoted above form but
a small portion of the ninety-seven

articles, with their numerous para-

graphs, which relate to the subject of

general courts martial as embodied in

the United States Navy Regulations.

So sweeping, however, are the powers
granted in the six articles cited, wholly
or in part, above, that, with but few
exceptions, the remaining ninety-one
might well have been omitted.

In considering the articles quoted,
we note that the president has seldom,
if ever, exercised his right to order a

naval court; that the secretary of the

navy is surrounded by line advisers;

and that the commander-in-chief of a

fleet or squadron is always a line officer.

In the great majority of cases, the con-
vening authority is therefore, really, or

in effect, of the line.

As to the composition of the court,

we note, that, by Art. 1783, it is ex-

pressly stipulated that its membership,
as to corps, is discretionary with the
appointing power; and since, by Art.

1 791, all members have equal rights and
voting powers, it may be said, that, in

few cases, if any, has the majority of the

court for the trial of either a line or staff

officer been from the staff, while the

case in which there has been even a

single staff officer sitting a court for the

trial of a line officer, is so rare as to be

the exception which proves the rule.

Finally, through the provisions of

Art. 1785, the convening authority, in

formulating charges, can select, for a
favoured offender, any portion of the

complaint against him, disregarding
the remainder; and by Art. 1872, he
can favour the offender further by an-

nulling his sentence.

But this is not all. The following

regulations, while they are but a logi-

cal elaboration of the ruling principle

previously shown, are intolerable in a

republic:

—

Art. 1813, Par. 2:— * * *

neither * * * the accused nor
any member of the court has any right

to enter an exception or protest on the

record.

Art. 1849:—Except in the case noted
in Art. 1854 (death sentences) the opin-

ion of the majority is the opinion of the

court and the minority is bound there-

by; but as the oath taken by every
member provides for the concealment
of the vote or opinion of each particular

member, care shall be taken that it does
not appear on the record either that the

votes of the members in regard to the

finding or sentence were unanimous or

what number of them voted for any
particular finding or sentence, with the

exception already noted, etc.

Art. 1854:—Sentences of courts mar-
tial which extend to loss of life require

the concurrence of two-thirds of the

members present, and cannot be carried

into execution until confirmed by the

President of the United States.

Bearing in mind, that, in few cases, if

any, is the majority of a court from the

staff and that, in cases of importance,

when officers ofany corps are tried, those

of the staff seldom comprise more than

one-third of the members, it would ap-

pear, from Articles 181 3 and 1849, that

the staff can enter no " exception or

protest on the record," that " the opin-

ion of the majority is the opinion of the

court and the minority is bound there-

by," which precludes any minority re-

port; and that even the votes of mem-
bers as to " finding and sentence " are

by the oath taken, to be concealed.

By these provisions, staff members are,
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in effect, gagged and bound; they are

but lay figures on these courts.

It is not surprising to find, as a fitting

climax, that Art. 1854, taken in connec-
tion with Art. 1783, Par. 2, previously

quoted, places, practically, in the hands
of the line the power of death sentence

on the staff (subject to the confirmation

of the president), since, if a staff officer

be tried for a capital offense, a two-

thirds vote only is required to convict

him, while the convening authority,

though advised that "it is deemed
proper

'

' that at least one-third of the

court shall be composed of officers of

the corps of the accused, is notified

further that the court's constitution, as

to number and corps, is " discretion-

ary " with him, and that " his decision

thereupon is final."

The laws of the sea have a long an-

cestry. The principal statutes of the

United States for the government of the

navy, beginning with the year 1802, fol-

low British practice so closely as to prove
fully the common origin of both. In his

brilliant and exhaustive work, entitled
il The British Fleet," Commander
Robinson, R. N., traces this origin

backward, through the ages, to the

code of the Republic of Rhodes, which
code formed the basis ofthe laws Oleron,
adopted by Alphonso X. , of Castile.

On these laws the British " Black Book
of the Admiralty," which contained
some ordinances drawn up prior to the

reign of Edward III., was largely

founded. There followed then the acts

of the Long Parliament in 1645; the

Articles of War of Charles II., under
whose bloody rules, altered and ex-

tended in the time of George II., Ad-
miral Byng met death; the amending
act of George III., and the naval dis-

cipline act of 1847, with its subsequent
changes and additions.

It may be contended that a proced-
ure, which is thus the outcome of ages
on the sea, should be beyond criticism

;

but a study of its development reveals,

in the main, a steady mitigation of its

primary rigour and an increasing re-

striction of its powers. With regard,

then, to the sweeping prerogatives not
only of the convening authority, but of

the majority of a United States naval

court martial, it seems wholly pertinent

to ask whether these powers are the due
entirely of the military necessities of our
time, or whether they are not, in part

at least, anachronisms in this age.

That justice, in the abstract, is not

wholly absent from these regulations is

shown by Art. 1782, which as to the

members, provides, in part, that, " in

no case, when it can be avoided with-

out injury to the service, shall more
than one-half, exclusive of the presi-

dent, be junior to the officer to be
tried." This one-half, with the pres-

ident, makes a majority of officers

senior to the accused ; otherwise it might
be possible for a majority of junior mem-
bers to obtain promotion by sentencing,

to dismissal, from the service, a senior

of the same corps who is tried before

them. It will be noted, however, that

this provision affects, practically, only

the line, since officers of that branch
form the majority in all courts.

If, then, the military law of this serv-

ice can be so drawn as to protect an
accused line officer from the greed ot

unprincipled juniors, why should it not

also defend an accused staff officer from
the enmity against his corps, by per-

mitting the detail of the majority of the

court which tries him from his own
branch of the service ?

There seems to be no doubt as to the

exceeding injustice, as a whole, of the

regulations quoted to the staff of the

navy, since under Articles 1782 and
1783, these officers form always a hope-
less minority. Tradition has it that

the court martial is descended from the

ancient " Court of Chivalry," estab-

lished by Edward III., the province of

which was the relief of those aggrieved

in matters of honour.

The court, in the lapse of ages, seems
to have fallen from its high estate; the

Chevalier Bayard would scarcely know
it now. In the United States navy it

seems to have become but the facile in-

strument of a military oligarchy within

the line of that service. It has been
said, as to a great land, that its govern-

ment was " a despotism tempered by
assassination;" it is fully time that the
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despotism, formed and fostered by such
regulations as are herein cited, shall be
"tempered" by the force of public

opinion.

The total number of line officers in

the United States navy is (January i,

1896), 715; the officers of the staff, of

all corps, number, with the marines,

583. While these officers are all equal
before the law, we find, under a system
which must be odious to fair-minded
men, that nearly one-half of them are

practically at the mercy of the re-

mainder. These proportions, too, ap-

ply only to times of peace. In war-
fare, with an engineer corps equal to,

or greater, than the line and with the

other staff corps proportionately in-

creased, the staff, as a great majority,

would be tried and sentenced by the

line, as a small minority. There can
be no claim of military necessity ad-

vanced in support of this, since the line

branch has furnished the most noted, if

not the only, case of mutiny among
officers, as it has also of officers tried

for cowardice. To this system may be
traced that mockery of justice which
has made, from the records of not a

few general courts martial, a roll of dis-

honour to the navy of the United States,

and which has drawn forth, from an able

writer, such condemnation as this:

—

" The practice violates the principles

upon which our judicature is founded
and the constitutional rights guaranteed
to every citizen, an impartial trial. The
constitutional guarantee for trial by jury

is violated, and an arbitrarily selected

court is organised by the will of a single

individual, who frames charges, reviews

the proceedings, approves the sentence,

and executes it. The practice is a

monstrous barbarism in our republic."

The evidence set forth herein is but
confirmatory of that presented by Mr.
Mattice; his charges seem established.

V. Other Ex-Parte Regulations.

Passing now from the consideration

of his able and vigourous letter, we
shall consider other regulations in which
seeming injustice is done. Take, for

instance, the question of rank.

In 1 87 1, Congress established staff

rank, as it is now held. The legisla-

tion was somewhat unsatisfactory, ow-
ing, apparently, to a misunderstanding
as to the technical use of the terms
"rank" and "grade." The discus-

sions in Congress show clearly the in-

tention of the law makers; the regula-

tions for the government of the navy
show that those intentions were de-

feated. Senator Cragin, for example,

said that the
'

' relative rank
'

' granted

was intended to give " staff officers

equality in everything, except what
pertains to actual command;" that the

term " command," as thus used, ap-

plied only to ships, fleets, and naval

stations, is clearly shown by the words
of Mr. Stevens, who stated in the

House, that, in the opinion of his com-
mittee, " this bill conferred upon the

staff of the navy the same rank and
official position that are enjoyed by the

staff corps of the army."
Now, the staff corps of the army have

actual, not relative, rank; and yet, while

a more complex organisation than the

navy, the engineer-in-chief notes that
" the army moves along with an exhibi-

tion of mutual respect and good com-
radeship which speak volumes." Act-

ual rank, as in the army staff corps,

was, then, what Congress intended to

confer. Let us observe the respect

given these good intentions by the navy
regulations:

—

Art. 20 prescribes the " relative

rank " of staff officers of the various

grades and corps. In Art. 23, Par. 2,

is clearly shown the department's esti-

mate of this rank. It states:
—

" A cap-

tain or commander, when chief of a bu-

reau of the navy department, shall have

the relative rank of commodore, dur-

ing the time he holds such office, but

his actual rank and title shall remain

unchanged." That is to say, the cap-

tain or commander, while holding the

relative rank of commodore, has not the

powers of that grade, such rank being

but an empty honour.

This construction is carried out in de-

tail through these regulations. The
crew of a man-of-war is divided into

gun, powder, and engineer divisions,

etc. , the arrangement being such as to
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meet the presumed requirements of bat-

tle. By Art. 581, we find that the ord-

nance officer, a line officer, " shall com-
mand the powder division." Art. 714,
Par. 3, says that the chief or senior en-

gineer " shall, at quarters, take charge
of the (engineer) division." We have
then the officer of the line commanding
his division while the engineer officer is

simply to " take charge" of his, al-

though, in a broad sense, both perform
practically the same military duty. The
difference in words seems trifling, but
its effect, in a military organisation, is

far-reaching.

The engineer division consists of from
25 to 50 per cent, and upwards, of the
crew, the remainder of the complement
being divided into line divisions as

above noted. The quarters for officers

below the rank of captain comprise the

ward-room, which has individual state-

rooms, and the junior officers' quarters
which have not these, and other con-

veniences. Art. 1069 defines ward-
room officers as only those

'

' above the
rank of ensign," except when " en-

signs " are " assigned to duty as watch
and division officers."

By Art. 714, the engineers' force,

with all its officers and men, constitutes

but one division only, which can have,
therefore, but one division officer, the
senior engineer. The actual, and in-

tentional, effect of these provisions is to

give to an ensign, who commands a
small line division, the privileges of the
ward-room, while the junior engineer
officers of that rank, though, perhaps,
graduated previously from Annapolis,
are crowded into junior quarters with
naval cadets. The following regula-
tions, when considered together, show,
at the least, grave inconsistencies :

—

Art. 54, Par. 5:
—"The officer in

command of a ship of war is not auth-
orised to delegate his power, except for

the carrying out of the details of the
general duties to be performed by his

authority. The command is his, and
he can neither delegate the duties of it

to another, nor avoid its burdens, nor
escape its responsibilities." etc.

Art. 54, in its introduction, defines

the executive officer as, next to the cap-

tain, the senior line officer " who, for

the relief of the captain, and by his (cap-

tain's) authority alone, carries out, on
board the ship, the details of organisa-

tion, inspection, and police."

Art. 591:
—

" Every officer or other

person in the ship, whatever maybe his

rank, who is subject to the orders of the

captain, except the executive officer,

shall be subordinate to the officer of the

deck."
The officer of the deck of a naval ves-

sel is the officer, who, for the time, has

charge of her, at sea or in port. He
may be a gray-headed lieutenant of long

experience, or a stripling ensign with

practically none. By Art. 591, we find

absolute power, except as to the execu-

tive officer, placed in his hands, and
yet, in Art. 54, Par. 5, it is shown that

the captain has no authority to delegate

this power, except in routine matters.

The executive officer has charge of

what is practically the house keeping
of the ship, with the infinite detail of

which the officer of the deck is contin-

ually in contact. If the latter is to re-

lieve the captain of routine, the execu-

tive is the one man who should be most
frequently summoned for consultation

with, or orders from, the officer of the

deck. Why then is this officer ex-

cepted, while the chief engineer and
other staff officers, who may be his sen-

iors, are made temporary subordinates

of the officer of the deck ?

The apparent conflict of these regu-

lations has, seemingly, but one explana-

tion. 1 1 is not intended that th e captain

shall delegate his authority on any es-

sential matter; in details only can he
transfer it to the executive officer, who
is usually of long experience. This
officer cannot be summoned by the offi-

cer of the deck ; the latter seldom sends

for any other of his corps who may be
his lineal superior; and thus a senior of

the line branch is practically free from
the unpleasant duty of reporting to his

junior. It is not so, however, with the

staff; and under the provisions of Art.

591, many a medical, pay, or engineer

officer, of long service and high rank,

has been ordered to the quarter-deck

by a man, a score of years younger, on
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business, which, if with the executive,

would have been transacted through a

messenger.
Art. 591 seems to have no logical

ground for its existence in so sweeping
a form ; it is intended apparently, under
the conditions above recited, to humili-

ate the staff of the navy.

Art. 711, Par. 1, states that the sen-

ior engineer " shall, from time to time,

make inspections of steam machinery
under the cognisance of other bureaus
and report to the captain any repairs

or adjustment which, in his judgment,
may be needed. He shall have im-
mediate charge of all such repairs,"

etc. The '

' other bureaus
'

' referred

to, are represented on shipboard by
officers of the line. The purpose of

this regulation seems to be to give the

line branch a fictitious importance at the
expense of the corps of engineers, since

the former corps is given charge of
machinery which it is unable to adjust

and repair.

A similar principle is carried to an
absurd extent in the following:—Art.

547 makes coal a part of the stores of,

and therefore under the control of, the
line bureau of equipment. The execu-
tive (line) officer represents this bureau
on shipboard and he is directed, when
it is received, to enter it on his books
and then to transfer it " immediately "

to the engineer department. Art. 713
directs that the senior engineer " shall

keep an account of the expenditure of
coal for various purposes and shall fur-

nish the executive officer with such in-

formation as he may desire for making
the required coal report," presumably
to his bureau of equipment. Coal is

one of the largest items of expenditure
in a cruising vessel; and in order that

the amounts appropriated for this pur-
pose may remain under the control of
a line bureau, the executive officers of
these ships make formal reports, on a

matter of which, personally, they know
nothing.

The quotations made herein from the
United States Navy Regulations prove
fully their ex parte nature and show the
unwisdom and the danger of committing
to any one corps, even indirectly, the

trust of formulating what are, in effect'

the laws of that service.

VI. Discord Within the Line
Branch.

The discord within the line of the

navy has been noted previously herein.

That body is divided into several fac-

tions which every Congress finds vigor-

ously at war. The quarrel adds an-

other, and a disastrous, element of

weakness to the nation's naval force.

The question is purely one of promo-
tion. The line of the navy is over-

crowded; the seniors refuse to be re-

tired; and the juniors see small hope of

advancement. From 1861 to 1867, in-

clusive, there were entered at the naval

school classes of extraordinary size.

After the Civil War had ended, these

officers, then supernumerary and youth-

ful, were allowed unwisely to remain,

and there is now a large number of them
filling some of the upper grades of the

navy. As they are all of about the

same age, the natural result, shortly,

will be that its highest grades will be
monopolised by them until they are re-

tired, practically, in a body. This list

of officers forms what is known techni-

cally as the " hump," the excrescence

on the fair curve of promotion,—that

term having come from the able defense

of it by one of its number who cited in

argument the fabled quarrel between
the camel and his hump, the moral of

which was that the latter, though un-

lovely, was essentia] to the health and
comfort of the camel.

And so, each Congress has its share

of this discussion and its embryo legis-

lation. The bitterness which has been
aroused is shown, to some extent, by
the quotations which follow from the

printed argument of the "hump"
against the latest " anti-hump " bill:

—

" The attempt is to be made to select

from about 260 officers, by classes,

about 100 to be marked and reported as

less competent and less worthy than

the remaining officers. * * * The
machinery devised for this part of the

scheme, a secret and irresponsible

board, a kind of star chamber, is a

proof of the wrong contemplated.
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* >;< * The operation of section 12

will keep the navy in a continuous state

of commotion and strife. * * *

The section is the parent of discord,

the mother of suspicion and hate in the

navy." (Argument by the Naval As-
sociation in re H. R. 790, 2915; S.

349; P- 6.)

Scheme," " star chamber," " the

wrong contemplated," " suspicion,"

"hate"—these are strange words to

pass, in print, between officers who are

to stand, shoulder to shoulder, in " the

first line of defense " against a foreign

foe.

VII. Conclusions.

In the North American Review for

November, 1894, Captain Mahan has
shown the importance of sea power to

the United States. Referring to the

two great English-speaking peoples, he
says :

—

Partners, each, in the great com-
monwealth of nations, which share the
blessings of European civilisation, they
alone, though in varying degrees, are

geographically so severed from all ex-

isting rivals, as to be exempt from the

burden of great land armies; while, at

the same time, they must depend upon
the sea, in chief measure, for that inter-

course with other members of the body
upon which national well-being depends.
* * * To other States, the land,

with its privileges and its glories, is the
chief source of national prosperity and
distinction. To Great Britain and the

United States, if they rightly estimate
the part they may play in the great
drama of human progress, is entrusted
a maritime interest, in the broadest
sense of the word, which demands, as

one of the conditions of its exercise and
its safety, the organised force adequate
to control the general course of events
at sea.

'

'

These eloquent words seem prophetic
of the destiny of America, if she shall

but take the tide at its flood; and yet,

without speculation as to what may
come, it seems apparent that the nation
has, at this time, imperative need of a
powerful naval force, with her leagues
of defenseless coast line on the lakes and

the two oceans; the prospect of trans-

oceanic expansion which, with Hawaii,

seems approaching, and the growth of

her foreign commerce, whose sails begin

again to whiten the seas.

The foundation of that force must be

a strong and united personnel; and yet,

from the facts set forth herein, it would
seem that the United States navy is, in

this, essentially weak, through the ab-

sence in its line corps of engineering

training; through the dissension within

that corps, and through the war waged
by a portion of it against the corps of

engineers. The underlying causes of
this strife are the changes which e?igi-

neering has wrought in naval warfare
and the fact that the corps which has

controlled the navy from its formation,

has not progressed to meet these changes,

and has, during the period of thefleef s

decay, retained excessive proportions

,

giving its officers scanty opportunityfor
sea service and abundant leisure on

shore,—leisure which, unfortunately for

the nation, has fostered the growth of

politics in this service and has resulted

in the exercise, by officers, of undue in-

fluence on naval legislation.

It is a long step, indeed, from some
of the political and non-seafaring sailors

of this day to Commodore Decatur, dy-

ing, in his prime, on the " dark and
bloody ground " of Bladensburgh, that,

in the haughty, if mistaken, spirit of

that time, he might protect his personal

honour. It would be difficult to think

of Farragut as issuing partisan circulars,

or as using the prestige of his great

name to push or crush a naval bill.

These men fought, not in congressional

committee rooms, but in the red carn-

age of battle or, out on the open ocean,

with the Northern gale. To the thirty

years of peace and politics which have
passed since " the echo of the last gun,

fired in earnest, died away," is due the

discord and the inherent weakness of

the naval personnel and the resultant

dangers, which, despite its strong and
stately ships, menace the nation now, in

the event of naval war.

The strife between the line and the

corps of engineers can?iot be minimised

or ignored. It is not a petty squabble,
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as to points of discipline, which the

country, in weariness, may leave for
time to settle ; but a warfare,—in some
instances, vindictive, relentless, and un-
scrupulous,—between determined men,
the result of which is, at this time, the

practical crippling of the fleet.

"It is a revolt, then?" said the

French monarch to his minister.
" No, Sire, it is a revolution," was

the answer.

And so, the acute stage in which we
find this struggle at this time is not due,

as has been said, to the insubordinate

spirit of discontented and ambitious en-

gineer officers, but to a revolution in

the methods and mechanism of naval
war and in the training of those who
shall conduct it.

An inspection of the Navy Register
for January i, 1896, shows, of the ships

in commission, sixteen with one com-
missioned engineer officer only on
board, five with two officers each, six

with three officers each, ten with four

officers each, and one armoured cruiser

and one battleship with five of such
officers to each. These figures include

the chief engineers, who are not ex-

pected, except in severe emergency, to

take a watch in the engine room.
When there is borne in mind the severe

strain on these officers, the tropic heat
in which they toil, and the dangers, in-

ternal to the ship, which they must face,

it is not reasonable to look for anything
but collapse in the official engine room
staff, during a prolonged action, in

which ships, so under-officered, take
part.

On some of these very ships we find

the deck duty divided among four or five

officers of the line, with naval cadets as

occasional reliefs; while below, when
under way, the chief engineer, an officer

of rank and years, is compelled to take a

watch to lighten the task of his juniors.

The severe nature of that task is indi-

cated in the report of the surgeon gen-

eral of the United States navy for 1895.

He says:

—

" The average temperature of the

engine rooms of modern ships, under
ordinary cruising conditions, may range
from 106 degrees F. , with hatches large

and open, like the Charleston, to 152
degrees in badly arranged and closed

ships, like the Amphitrite.

In the fire rooms the average temp-
erature under the above conditions may
range from 124 degrees in ships with

only one set of fires in each fire room,
like the Charleston, to 189 degrees,

when the fire room is between two sets

of fires, like the Cincinnati and Am-
phitrite. In the case of the Cincinnati,

when only one set of fires is used in

each fire room, the average tempera-

ture is reduced from 189 degrees to 159.
" The result of these high tempera-

tures, together with overwork and other

trying conditions, is plainly shown by
the number of disabilities in the en-

gineer corps attributed to this cause.

Since January 1, 1894, eleven chief en-

gineers and three passed assistant en-

gineers (14 out of 173, or 8 per cent,

of the corps) have been or are now on
sick leave and of this number six have
been recommended for retirement, and
two have died."

It will be noted that these tempera-

tures apply to " ordinary cruising con-

ditions " when everything possible is

done to reduce them. What will those

of the Cinci?inati, for instance, reach in

action, with all fires going and the com-
partment doors closed ? If her fire

room is 189 degrees now, in the palmy
days of peace, it will become an inferno

then. And yet that ship with her two

triple expansion engines and her 10,000

horse-power, has just three commis-

sioned officers, one a chief engineer,

who is not expected to take a watch

when under way. Just here, a ques-

tion seems not only pertinent, but ne-

cessary :

—

At whose door lies the responsibility

for the death or disability of the officers

referred to in this report of the surgeon

general of the navy ?

It is important also, in this connec-

tion, to call attention again to the state-

ment which has been quoted previously

from one of the " arguments " of the

Naval Association, to the effect that
'

' there is no scarcity of naval engineers

nor any probability of such scarcity."

There have been given also herein quo-
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tations from official documents which
show that the secretary of the navy in

1 89 1, the committee on naval affairs of

the Senate in 1892, and the engineer-

in-chief of the navy in 1893, stated in

their reports that there were not then

enough engineer officers. To these

may be added the testimony of the

chief of the bureau of navigation, a line

officer of high rank, who said, in his

annual report for 1890, that " the num-
ber of the engineer officers allowed by
law is inadequate to the duties required

of that corps." And yet the corps of

engineers was larger in those years and
the number of ships less.

In the face of such official statements

and of the further facts given in the re-

port of the surgeon general above
noted, this association has had the folly

and the temerity to print and circulate

an assertion so misleading. It is said

that the celebrated Francis Wayland
once remarked, as to a man whose re-

liability he doubted, that "he would be
a poor hand to write history.

'

' It seems
that this association is also " a poor
hand '

' in its self-appointed task of pre-

scribing for the corps of engineers.

There is, however, another and more
serious phase to this question. The
statement is not only a direct contra-

diction of, and a public affront to, the

official authorities who have been quot-

ed, but it seems to be wholly at variance

with the facts. If, then, the authorities

referred to are not in error, the action

of this association should meet, at least,

the prompt and public condemnation
of the navy department.

It is not pleasant to record or discuss

such an incident in connection with an
honoured service; and yet, it is essen-

tial in indicating the tactics by which
the corps of engineers has been opposed
and reduced.

The remedy for the troubles of the

naval personnel can come only from
without the service,—never from with-

in; that has been tried for thirty years
in vain. Admiral Colomb, of the
British navy, says:

—
" The naval mind

is unaccustomed to project itself on-

ward. It is so practical that it will not
move until it is pushed." And so, if

the nation is to have an effective fleet,

if its ships are built for use, Congress
must apply the pressure which will

bring a thought of the present and the

future to the '

' naval mind '

' of this

day; it must intervene to rearrange

the force on a basis commensurate
with modern needs, retiring officers

known to be superfluous, especially

those who have been prominent in in-

fluencing legislation, and filling the de-

pleted ranks of those who bear the

burden. With that rearrangement there

should come also such legislation as will

permit a revision, by an impartial com-
mission, of the naval regulations, to the

end that no one corps shall absorb here-

after the legislative, judicial, executive,

and punitive powers of that service.

Military discipline does not mean, ne-

cessarily, military despotism.

There is no warrant, historically or

otherwise, for the arbitrary distinction

in rank between the line of the United

States navy and its engineers as a staff

corps. The very designations of these

branches are misleading. The so-called

"line" is not, in a military sense, a

real line; the so-called "corps" is

never an actual corps, since it does not

act as a body; and, if the term
" staff" be used in the sense of aux-

iliary and inferior, it cannot, with truth,

be applied to those engineer officers

without whom there could be no naval

battles, and of whom, in the British

service, The Engineer, of London,
says:

—
" The naval supremacy of Great

Britain rests in the hands of the en-

gineers.
'

'

The assertion is made, as to the en-

gineer, that he is subordinate; that he
is not a free agent. Quite true; but

the subordination of all to the will and
skill of one, is the basic principle of a

ship's efficiency in a modern action. Is

then, the engineer, in manipulating his

machinery below the protective deck,

in accordance with signals from the com-
mander in his conning tower, more sub-

ordinate than the lieutenant in the tur-

ret, who receives, from the same com-
mander and the same tower, the range,

the elevation, and the order to fire his

gun ? The engineer manages a steam
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engine of great complexity ; the lieuten-

ant manipulates a powder-engine of

great simplicity; and both are subordi-

nate to the man, who, holding in his

grasp the nerves of the warship, bears

alone the awful responsibility of com-
mand in battle.

Let us flash, briefly, the search-light

of history on the so-called line and staff.

The line of the United States navy to-

day represents but the professions of

navigation and gunnery. The seaman-
ship of the old time, with its maze of

masts and yards and sails and its wild-

erness of standing and running rigging,

has vanished from the seas, and there

is left but its faint shadow in the ma-
noeuvring of a mastless machine, which
only steam can hold up to the north-

west gale, and only steam can drive off

a lee shore. In considering the navi-

gator and the gunner, Commander
Robinson, R. N. , in The British Fleet,

says :

—

'

' The master and his mates were the

sole navigating officers, and, up to quite

the end of the great war, it was held no
disgrace to an executive officer, provid-

ing he was a good sailor-man, to be
neither navigator nor gunner.

'

'

That is to say, the United States line

of to-day represents officers who, in the

year of Waterloo, were auxiliary; and,

if, in 1815, there had been a naval strug-

gle for rank, the contest would have
been waged against the

'

' line
'

' of that

time by a staff" whose main com-
ponents would have been the gunners
and the navigators. From the stand-

point of history, then, these professions

give no claim to superior rank.

The grade of
'

' sailing master
'

' ex-

isted for many years in the United
States navy and the title, abbreviated to

master," remained until 1883. As
to gunnery, Secretary Welles states, in

his report for 1864, that " when gun-
nery became a specialty, it was incon-

siderately and unwisely proposed to

have a corps of ordnance officers en-

grafted upon the naval service.
'

' This
corps, if it had been formed, would,
doubtless, after the ancient custom,

have been made a " staff" corps.

In discussing the vexed question of

rank, much has been said as to the im-

portance of the line officer as a strate-

gist and a tactician. Let us measure
the value of these claims! It is said

that Napoleon, in derision, once re-

marked that " God was on the side of

the big battalions." He did not think

so at Marengo and on many another
field; but such strategists as he, the

Moltkes of the land or sea, are born,

not trained. In tactics,-—the handling
of the fleet in line of battle,—the naval

world has a subject, the difficulties of

which can find solution only in wars
upon the sea.

Since the last gun was fired in a great

action, armour, ordnance, speed, the

ships themselves, have been trans-

formed; the ram has reappeared; mo-
bile torpedoes, the torpedo boat, and
torpedo catchers have been developed;
and it seems probable that the submarine
boat, as well, must be considered.

These elements, many of them untried,

make a combination which it would
seem that genius alone could handle
in the sudden fury of a modern action.

No rules can mark its lightning changes

;

and, for its tactics, Napoleon's definition

only will serve:—" The art of being the

stronger," at the time of need.

Yet, assuming that there can be de-

vised, in time of peace, a scheme of

tactics which will have fair success in

war, it may be said, that, in the brilliant

victories of the past, tactics have been
more honoured in the breach than the

observance. Nelson, off Cape St. Vin-

cent, made his manoeuvre of masterly

daring, not only in defiance of orders,

but with total disregard of the tactics of

that day. General Sir George Cathcart

has shown, in his Commentaries, that

Napoleon first dazed his opponents, by
utterly neglecting the grand line move-
ments of Frederick the Great, in which
they put their trust; and then defeated

them, in defiance of all they knew of

tactics, by charging a weak point, [in

overwhelming force and under cover of

a concentrated power of artillery.

We have noted the claims of some
line officers upon this matter; we have
seen the difficulties which the naval

strategy and tactics of this day present.
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If these problems do not admit of

full solution, they, at least, deserve

most careful study from officers who
base claims to superior rank upon them.

It is for labour that men claim reward.

What, then, are the strategic labours

of these officers of the line ?

There is maintained at Newport a war
college, the navy's only school of strat-

egy. This school holds sessions during

but four months of the year. At the

session of 1895, there were twenty-five

line officers as students. Of these

twenty-five officers, eleven were de-

tached before the end of the session,

although that is " a detail." There
are 715 officers in the commissioned
line of the navy; assuming the yearly

class to be twenty-five in number and
that they all remain until the close of

the session, it would take about twenty-

eight years to give the line officers of

the navy four months of instruction,

each, in the great science of strategy

and tactics.

In view of the intricate problems
which the subject presents and of the

utterly absurd attempt, as indicated

above, to meet them, it may, with con-

servatism, be said that strategy and
tactics, for the United States navy, ex-

ist as definitions only. An able officer

of the line, practically, but perhaps un-

wittingly, admits this, when he says:

—

" Our books on tactics are primers;

our signal books are a monument to

those who do not go to sea; and the

naval war college * * * is really

about our only hope," etc. (Proceed-

ings United States Naval Institute, Vol.

22, No. 1. ) The delusive nature of this

hope has been fully shown herein.

In reviewing the considerations on
which a faction of the line bases its

claims to a rank superior to that of the

staff, we find these claims resting only

on a seamanship which has vanished;

on navigation and gunnery which, his-

torically, are " staff" duties; and on
strategy and tactics, of which these

officers can know little. There seems
need of stronger ground than this, to

support that superiority in rank which
a leader of this faction, in crude defi-

ance of the English tongue, terms the

" hierarchy of command." His war-
like " priesthood " must present argu-
ments more forceful than those, which,

in all their naked feebleness, have been
set forth herein.

The sea-fighter of the Roman age,

with galley-slaves as his motive power,
was a soldier, pure and simple; in Nel-

son's time he had become a sailor; in

our day, when a battleship is but a

mass of mechanism, he is, perforce, an
engineer. Whether he fights within a

conning tower, behind a turret's arm-
oured walls, or beneath the battle

hatches of an engine room, the high
ideal, the isolation, the daring, and the

sacrifice, must be the same to meet fitly

the sudden horror, the wholesale car-

nage, of a modern action.

With such a similarity of training, of

service, and of environment, there

should be no distinction in rank be-

tween the line and the engineer officer.

Let Congress, at least, do effectually

what it endeavoured to do in 1 87 1 ! Let
it place the staff of the navy, as to actual

rank and lineal title, on a level with

that of the army, making the corps in-

dependent but giving the commanding
officer supreme control of all, with the

provision that he shall fulfill all the

duties of his office and be without au-

thority to delegate his powers!
Benjamin Harrison, ex-president of

the United States, is reported to have
said that one should not indicate a weak-
ness in a national organisation without
the suggestion, also, of a remedy there-

for. In this paper, the endeavour has
been made to point out the evils which
are sapping the vitality of the naval

personnel and which have crippled that

arm of the national defence. The de-

sire has been to do this fearlessly, but

without bitterness and with full fidelity

to truth. The writer has no personal

wrongs from officers or corps to rankle

in his memory and to add a needless

sting to his words.

Since the remedy must come from
legislation, it seems fitting that national

attention be directed to the bills now
pending in Congress which bear upon
this question. It may be said that, of
these measures, the most important, by
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far, seems to be the engineering and
educational bill (House of Representa-

tives, No. 3618) introduced by Repre-
sentative Francis H. Wilson, of New
York. A careful examination of it re-

veals nothing that is not just, and much
which is not only wise, but which seems
essential to the national defence. It is

not a cure, but seems a long step toward
that end. The opinion which is vent-

ured here seems but confirmed by the

wide approval given this measure by
engineering authorities and associations,

and the universities and technological

schools of the United States.

To the student of naval progress there

appears but one logical outcome to this

struggle. Times change, and men and
methods must change with them. There
has been in every age resistance to re-

form; there is always a reactionary

party, and yet one would not look for

it among the United States naval line,

with its record of brilliant achievement
in the past.

It seems strange, indeed, that there

should be found within that body
even a faction which, impelled by
the fear that its historic prestige may
be lessened and governed by the prin-

ciple, " Caesar or no one," would en-

deavour, with strange unwisdom, to re-

duce the numbers and impair the effi-

ciency of those engineer officers through
whom alone that prestige can be main-
tained in warfare.

Wrapped in the day-dream of a su-

premacy which is past, they do not hear
the fuit Ilium of the old days and the

old navy; they do not fear a coming
day of wrath when—with, perhaps, a

shattered engineer corps; with ships,

which, without that corps, lie useless

and idle; with, it may be, a lost battle,

—an awakened nation shall require the

reason for it all. In commenting on
this attitude, the Admiralty and Horse
Guards Gazette, of London, says:

—

" The evolution of the naval engineer
cannot be arrested; and, ifthe executive

branch will persist in placing itself in a

position of antagonism to the engineer,

we fancy the great law of the survival

of the fittest will settle the antagonism
in due course."

Between this faction and the many
line officers who are able, faithful, and
honourable, fulfilling the best traditions

of a gallant navy, the writer would draw
a wide distinction. To his memories
of service with these officers, of duty
fitly done and danger nobly met, of

hours of genial comradeship on distant

seas, this acknowledgment is due.

ENGINEERING NOTES FROM JAPAN AND CHINA.

The First Twist Drills in a Chinese Machine Shop.

By K F. Prentiss.

NAGASAKI, Japan, has one of the

most picturesque harbours in the

world. It is almost a circle, not

more than three miles across and nearly

enclosed by lofty mountains. The en-

trance is hardly one thousand feet wide,

with modern forts and torpedo stations

on either side making it apparently im-

pregnable.

At this point is the largest ship build-

ing plant in Japan. Their rules for vis-

itors are strict, and I was taken through

on a run and not permitted to examine
anything. With the exception of a few

German lathes, the tools were English.

The only American things I saw were
Fairbanks scales.

The plant was very busy, having
enough orders to keep six hundred men
going for more than a year. Several

additions were building; mortar, brick,

and other materials were carried by
girls and women.

Piles were being driven in one of the
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new buildings, for a foundation for a

punch. They were 8 inches in diame-
ter and 14 feet long. The staging was
bamboo and so was the frame for the

hammer, which was a round piece of

cast iron with a hole in the centre for a

guide-rod.

Attached to the hammer block were
twenty-seven ropes, carried up to the

top of the frame and down on the out-

side, looking very much like the old-

fashioned May-pole. Twenty-seven
women had hold of the ends, and with a

sing-song, all together, pulled down;
up the rod, four feet, travelled the ham-
mer; then, at a scream, all let go and
down it came on top the pile which was
unprotected by a band or ring. The
women were paid 20 cents in gold per

day. This May-pole pile driver is in

general use throughout Japan and
China.

Hong Kong is an island ceded to

Great Britain in 1841. It is at the

mouth of the Pearl river. It is the

seat of government, picturesquely sit-

uated at the water's edge and extend-

ing back on the hills and, by terraces,

up the sides of the mountains. It is the

great centre of the foreign trade of

China and a mart for opium, flour,

ivory, cotton, sugar, salt, silks, tea and
other products. It is the most impor-

tant port in the East, and in 1894 vessels

cleared with over ten million tonnage.

The wharves are lined with substan-

tial stone warehouses. The mercantile

firms are housed in fine stone or stucco

buildings, looking like palaces, and the

streets are narrow and choked with hu-

manity from all quarters of the globe.

At one end of the city is a sugar re-

finery, which boasts of being the second

largest in the world. This, with the

government arsenal and repair shop,

were the only factories I found, except-

ing, across the harbour, the Dock Com-
pany, which is a mammoth institution

and would be a credit to the Clyde or

Delaware river. It was started many
years ago by an American, named Ward
I believe, and is to-day as well equipped

for repair work as any plant in the

world.

They have six stone dry docks, the

largest taking vessels 540 feet long, and
another is building, with a capacity of

650 feet and will cost over $1,000,000
gold. Beside these facilities for hand-
ling work, there are two slips with mas-
sive cars on tracks running into the

water 700 feet. Moderate sized vessels

can be pulled out high and dry in two
hours.

Competent draughtsmen, foundry,

steam-hammer shop, machine shop with

electric cranes, telephone stations and
tools of modern, up-to-date make en-

able this shop to turn out the best work
in the East. There was an air of sys-

tem and bustle about the plant that was
a credit to the management and I was
not surprised to learn later on that the

company has just declared a semi-an-
nual cash dividend of 8 per cent. The
fortunate stockholders are Englishmen.
Foo Choo, some five hundred miles

up the coast, is decidedly a Chinese city.

It is surrounded by an amphitheatre of

hills and part of it is enclosed by a high
stone wall, ten miles around. The Min
river divides the city and is crossed by
a stone bridge, said to be one thousand
years old.

This place is noted for the manufact-
urers of cotton goods, porcelain, blue

lacquer, and as being the centre of the

black tea industry. Near by are some
extensive lead mines.

The tea business seemed to be in the

hands ofthe Russians. They have here

two large factories for making tea cakes.

The tea is ground fine, almost to a

powder, and, then, by powerful hy-

draulic presses, is forced into blocks

9"x7"xi r/
thick, that are so hard that

it is impossible to break them without

a blow with a hammer. These are sent

north through the great Chinese Wall
into Mongolia and Siberia, and pass

current as money. In many localities

it is the only currency used.

As the blocks leave Foo Choo they
weigh the same to an ounce, and the

fortunate merchants do not have the

vexed American money question of 16

to 1 to disturb their dreams. As the

money circulates around, however,

pieces are chopped off to replenish the

tea pots and the blocks depreciate in
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value in proportion to the chunks taken
off.

At Kucheng, a few miles up the river,

the frightful massacre of missionaries

took place in August, last year. The
natives were still in an ugly mood and
foreigners were cautioned not to go
about alone, and it was, consequently,

with considerable trepidation that I en-

gaged a steam launch and interpreter to

take me down the river twelve miles to

the naval arsenal.

The appointment was for 8.30 the

next morning. I was on the wharf at

that hour, but nothing was in sight ex-

cepting hundreds of sampans (Chinese

river boats), and junks. I walked up
and down calling Ah Kum (the name
of the interpreter engaged, whom I had
not seen). A crowd of at least fifty

natives followed me back and forth, en-

joying my dilemma, and, I have no
doubt, wondering if I had gone out of

my head.

I happen to be the owner of a pair

of blue eyes. Now it appears that they
are a rarity in China and possess the

marvellous power of penetrating the

very soul of a Chinaman and reading

his secret thoughts. It amused me a

good deal, as I glared at the boys on
the inside of the circle that surrounded
me, to see them shrink back and work
out of the crowd in a hurry, turning to

see if I followed up the attack.

Half an hour passed, and during that

time a number of sampans and junks
worked out of the way, showing a small

American flag in the stern of a launch.

That must be the craft, so with a lot of

gesticulations, I succeeded in getting it

to the wharf; but no Ah Kum.
The Chinaman at the wheel and his

crew of two natives had a consulta-

tion and after a long and emphatic
sign dispute we started down the

river. Evidently they had been told

where to go, for we dropped anchor
opposite the arsenal without a mishap
and a sampan took me ashore.

A high stone wall faced me and over
the top I could see a number of brick

buildings and stacks. This evidently

was the place. But how should I get
in ? A crowd surrounded me immedi-
ately. Selecting a bright-looking chap,

I gave him a coin and handed him my
sample case of twist drills, at the same

CHINESE PIG IRON.

6-3
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time pointing over the wall. He started

down the street, I following at his heels,

and the crowd back of me.
We went into several houses, why, I

cannot say. In one of them my sam-
ples were transferred to an old man and
I and the crowd followed him through
several streets and up a long flight of

stone steps to a large stone building

with soldiers stationed at the en-

trance.

This must be the office; so I handed
out a card that was taken inside. There
was a long wait and then the bearer re-

turned, shaking his head and pointing

to my launch. I showed I was deeply
disappointed; then, taking out two drills,

sent them in and immediately was in-

vited to enter. The official was polite,

bowing and shaking his own hands, as

is the custom among Chinamen, and
offered me a cup of tea.

There happened to be several forg-

ings in the room and as I pressed the

drills against them and pointed to over

the wall, tie seemed to comprehend
what was wanted, and in a few minutes

I was in a large well-lighted machine
shop. I might say this extensive plant

was built and equipped by French en-

gineers some fifteen years ago.

The native foreman examined my
tools with great interest and called in

several assistants. All looked puzzled

and did not seem to know what they

were for. Walking to a drill press, I

took out the flat drill and after consid-

erable packing around the shank, suc-

ceeded in getting one of my taper shank

twist drills to run fairly true in the spindle.

There must have been fifty Chinamen
working in the room and every one had
gathered around this press. The fore-

man ordered them off repeatedly, and
then, looking at me, laughed good nat-

uredly and gave it up.

He brought a piece of cast iron, but

I wanted something harder to drill, so

I walked over to a large planer and took
a long extension tool, made from
3"xi^" tool steel, and clamped it to

the table of the drill press. He shook
his head, intimating that the twist drill

could not go through, and the crowd
of workmen emitted grunts of approval.

The press started, the lips of the

twist drill turned out two spiral chips;

the men elbowed me to one side; there

was a sea of pig tails bending down,
watching the marvellous action of that

little tool. As the chips grew in length

the expressions of wonderment in-

creased.

It happened that the chips did not

break until they were about 14 inches

long; then others started, and each time

that they broke off, they were eagerly

snatched by the men, some burning

their fingers, and examined carefully

from end to end.

The dull edges of the drill were shown
around, and then ground and started

again, and the fact that the drill would
cut as well as the first time caused in-

creased amazement and murmurs. I

have made many tests with twist drills,

but never before such an appreciative

and demonstrative audience.
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HE exhibition of

Bessemer steel

at the Paris

^ International Ex-
position of 1867,

by licensees of the

inventor, brought tri-

umphs no less grati-

fying. Bessemer re-

fused to exhibit, and
permitted the new
metal to be shown
solely by his licensees

in that country.

They received suita-

ble and high awards,
while Bessemer was
tendered the Grand
Cross of the Legion

of Honour by the Emperor of France,

and the report of the imperial com-
missioners, made notwithstanding the

fact that he was not an exhibitor,

asserted that "the most remarkable vic-

tory gained by metallurgy in the

previous ten years " was due to Besse-

mer, who had " enriched the industrial

world with a new metal."

The British government, which seems
to have been exceedingly unjust and
unkind to its greatest modern bene-

factor, throughout these years of trial

and struggle, refused him permission to

accept the Grand Cross and thus added
further mortification to the not infre-

quent injuries already done him, while

perfecting his steel, in its suppression

at Woolwich and by other neglects and
slights. But, from this time on, the

process made its way with great rapid-

ity into all the civilised countries of the

world. Bessemer' s victory was now
complete.

The Bessemer process, or the pneu-
matic process of steel making, is sub-

stantially the same to-day as then, in

all its essential details, although the

genius of Bessemer in Great Britain,

and of Holley and others in the United
States, has so perfected its details that

the production from a single converter

and from a " plant " has been enorm-
ously increased by making it possible

to keep the converters constantly at

work, day and night, almost without
limit. This process is one of the most
impressive as well as most remarkable
known in the arts.

In detail it is as follows:—Molten
cast iron is poured into a vessel of egg-
shape, in which it is exposed to the

blast of air at high pressure, driven

through the fluid mass in fine streams

from below, permeating it throughout
and constantly with threads of air and
their burden of oxygen, and thus burn-

ing out the carbon and the silicon which
constitute the main difference, so far as

regards chemical composition, between
the iron and the steel into which it is to

be transformed. The heat produced
by this combustion is sufficient to keep
the mass molten, and no fuel is required

after the process has once been initiated

in the converter.

The spectator, visiting a Bessemer
works for the first time, is very greatly

impressed by the magnitude and brill-

iancy of the operations involved in the

conversion of the molten cast iron into

steel. The cast iron is sometimes
brought direct from the blast furnace to

435



436 CASSIER'S MAGAZINE.

FROM A PHOTOGRAPH TAKEN IN 1884 AGE 71.



SIR HENRY BESSEMER. 437

the great vessel in which it is changed
into the more useful metal, in some cases

even being transported a distance of one
or two miles in the liquid state; some-
times it is melted in " cupola" furn-

aces, located near the converting vessel,

but in all cases, a rich dark, siliceous

cast iron of peculiar composition,
" Bessemer No. i " usually, is melted,

and poured, in a perfectly fluid condi-

tion and at a dazzling white heat, into

the converter. This converter is an
egg-shaped vessel, mounted on trun-

nions, so arranged that it may be tilted

in either direction, toward the source

from which is received the iron, or in

the opposite direction toward the ingot-

moulds.

The converter being turned back and
so inclined as to most conveniently re-

ceive its charge, the stream of molten,

glowing, scintillating iron flows down a

trough of iron, lined with refractory

clay, into its mouth, with a noise like

the rustling of leaves in a gale, lighting

up the whole dark interior of the cav-

ernous "converting house" with its

glare of white light, hardly less brilliant

than that of the electric arc. From
five to ten tons, according to the size of

the " plant," being thus transferred to

the converter, the latter is turned, by
hydraulic and invisible mechanism, di-

rected by the hand of a boy on a distant

platform, into the vertical position, its

mouth, or " nozzle," being thus

brought directly opposite an opening
into a chimney flue, located there for

the purpose of carrying away all smoke,
fumes and sparks of burning carbon or

iron.

As this operation proceeds, the blast

from great blowing engines, forcing

enormous volumes of air under high

pressure, is turned into the
'

' blast box '

'

in the bottom of the vessel and, as it

rises into the vertical line, this air, pene-

trating the liquid iron in fine streams,

and pervading its mass in every part,

searches out the molecules of silicon,

first of all, tears them from their com-
panion molecules of metal and oxidises

them. The resulting compound, silica,

so much liquid sand, is floated to the

top of the pool of fluid metal, covering

it with a protecting cushion which pre-

serves it from loss of heat and from the

influence of the atmosphere, while smoke
and sparks and flame, driven before the

blast, pass in a roaring and reverberat-

ing, blazing and corruscating, thunder-

storm up the flue into the outer atmos-
phere, lighting the surrounding country
as with a gigantic torch.

As the volcanic display continues, the

whole great mass, trembling on its foun-

dations with the violence of the blast

and the impulses of the concussions of

the contending atoms, the white flame

thus purified and taking a tint of sap-

phire as the operation proceeds, de-

notes the combustion of the silica, tak-

ing on somewhat suddenly a duller and
brownish hue, the sparks cease to scin-

tillate in its midst, and the combustion
of carbon is begun, all silicon, the first

affinity of the oxygen, being entirely

exhausted.

The carbon has now begun to disap-

pear, and the first step in this part of

the operation is the combustion of that

which is graphitic, and not chemically

combined with the iron. The threaten-

ing and continually quivering tongue of

fire issuing from the converter's mouth,
now obscured by smoke, after a little

time once more becomes clear, and the

burning out of the combined carbon has

commenced; the oxygen seizing upon
that which is held in the embrace of the

ferrous molecules, and, taking them
away from their combinations, uniting

with them, forms carbonic acid gas.

After a few minutes more, perhaps

fifteen or eighteen minutes from the

commencement, the flame begins to

flicker, sparks of burning iron suddenly

begin to appear, and the process has

reached its limit; the converter is turned

down, the blast is shut off, and the

molten iron, purified of all its former

contaminating ingredients, and contain-

ing only a little oxide and entangled air,

receives a weighed dose of melted man-
ganese, combined with carbon and iron,

to give the metal soundness by absorp-

tion from it of any existing oxygen,

that may, if left, produce " blowholes
"

in the finished steel, and also to insure

that the right amount of carbon to give
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the desired quality and temper ot steel

is introduced.

The charge is then poured forth into

the heated ingot-moulds, arranged in a
circle about the edges of the converter
pit. It issues as a stream of light, the
metal being even more highly heated
than when it entered the converter; for

the whole process of conversion has been
one of production of heat, and, despite

the immense amount of caloric carried

away by the air and gases passing up
the chimney, the temperature required

to keep steel above the melting point,

—a temperature higher, much higher,

than that of molten cast iron,—is pro-

duced and maintained.

The whole process is one demanding,
as a primary requisite, that the mole-
cules and the atoms in combination, or

possessing affinities for each other, shall

be held so far apart as to permit the

transformations, the compositions and
the recompositions, of the operation to

proceed, and this can only be done by
the action of heat-energy of a certain in-

tensity. The province, therefore, ot

heat, in this case, is to apply power to

that adjustment of relative positions ol

molecules and of atoms which no other

laws of thermodynamics, precisely as

elsewhere, and could we penetrate the

converter, and apply our means of

measurement of temperature and heat-

FIG. I. ELEVATION OF A BESSEMER CONVERTER.

quantity, we should be able to trace

the action of those laws at each step.

Every detail of the 'process in which a

FIG. 2. POSITION OF A CONVERTFR WHEN METAL IS POURED IN.

known energy can give, and thus to

assist the engineer and the metallurgist

to attain results probably otherwise en-

tirely beyond his reach.

Transformations of heat-energy take

place here according to the established

composition or a compound, of what-

ever chemical nature, is, in the course

of that operation, torn into its constitu-

ent elements, demands a definite and
known quantity of converted energy to

do the work; every case in which two
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or more elements enter into new com-
binations, whatever their extent or the

character of the product, is a case of
development of heat by the conversion
into that form of energy of the potential

FIG. 3. A CONVERTER IN BLAST.

energies, before latent, in the relations

of attractions and distance of the com-
bining particles.

This beautiful and impressive process

is that which, to-day, supplies the world
with a material for use in construction

which may be given either tenacity and
hardness, the temper and elasticity of

tool-steel, or the combined ductility and
strength, the " resilience," of the softer

steels, or the softness, ductility and
malleability of the finest Swedish iron.

In the series of illustrations on pages

438 to 440, taken from the inventor's

descriptive monograph, Fig. 1 is an
elevation of the converter, showing
the rings of bolts by which its

two parts are held together when
in use, being separated when the

converter requires new lining. Fig. 2

shows the position assumed by the con-

verter when the metal is poured in, the

tuyeres being elevated above the line of

the inflowing metal. Fig. 3 shows the

converter in full activity with vertical

streams of air passing upward under a

pressure of iS or 20 pounds per square
inch, producing a fiery ebullition by
the action of the forty-nine separate

streams of air thus driven through it.

Fig. 4 shows the converter tilted over,

and the converted metal pouring into

the casting ladle, the tuyeres being here,

also, above the line of the molten steel

and the air shut off.

Figs. 4 and 5 exhibit the " valvular

ladle
'

' by means of which many moulds
may be filled in succession, and all slag

prevented from entering with the flow-

ing steel. As the inventor writes,
" molten steel, with slag floating on its

surface, could not be poured from the

spout of a common ladle without mix-
ture of metal and slag taking place. It

must also be observed that pouring from
the lip of a ladle gives a stream which
would strike against one side of the

mould in its descent, and this would be
fatal, as the falling stream would melt
the cast iron mould at the point of con-

tact, and the ingot and the mould would
be hopelessly ruined." Fig. 6 shows
the construction of the bottom of the

converter, its air-ducts, and the fire-

brick removable plugs in which the

ducts are made.
The engravings on pages 441 , 442 and

443, reproduced from photographs, were
sent to the writer by the inventor, at

the request of the former, and illustrate

some of the earlier work of the Besse-

mer process.
" In the years 1859-60," as Sir Henry

THE VALVULAR LADLE.

says, " Messrs. Bessemer & Co., of

Sheffield, manufactured a great many
field guns of Bessemer steel. These
guns were generally 18, 24 and 32-
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pounders, forged solid from ingots ot

cast steel, and, in order to be certain

of the quality of the steel, every gun
had a portion of the metal of which it

was composed forged down at each end

into a 'tail-piece' (Figs. 7 and 8).

poses, as well as for most kinds of mech-
anisms. Great Britain and the Uni-

ted States now produce, annually, very
nearly ten millions of tons of pig-iron.

Of this, 50 per cent, in the United
States, and a somewhat smaller propor-

FIG. 5. POURING FROM A CONVERTER.

These projecting pieces were invariably

made 3 inches by 2 inches in cross-sec-

tion, and about 15 or 18 inches long.

The projecting piece was nicked and
broken off cold to show the fracture,

and then bent double under a steam
hammer when quite cold. This violent

treatment produced no cracks or tearing

of the sharp angles, as will be seen on
inspection of the photographs."
The next illustration, Fig. 9, as the

same authority states, " shows how
violently Bessemer mild steel may be
treated at a proper working heat. This
specimen is one-half of a steel bar, 3^
inches square. It was heated to a fair

forging temperature and was held fast

at one end, while the other end was at-

tached to the main shaft of a steam en-

gine and twisted until it gave way in

the centre. Toward the extreme end,

the corners of the bar that were origi-

nally 3^4 inches apart have approached,
in the coil, to }{ or ^-inch."

It is this process which has practically

supplanted iron for all constructive pur-

tion in Great Britain, passes through the

converter and finds its way into the

markets of the country and of the world
as Bessemer steel. The prediction ol

the inventor has come to be true and
the " age ofsteel " has come; the " age
of iron

'

' is passed forever.

Owing to the defective and inequit-

I
FIG. 6. CONVERTER BOTTOM DETAILS.

able forms ot patent-law, adopted by
the continental nations of Europe, Bes-

semer never secured either fair or con-
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TEST PIECE FROM A BESSEMI STEEL GUN.

siderate treatment from the numerous
iron and steel makers there taking up
his "process with great profit to them-
selves and advantage to their respective

countries; but, by 1866, there were
seventeen Bessemer steel-works in Great
Britain paying him moderate royalties

and, in the case of the Barrow Com-
pany, making a thousand or twelve

hundred tons of steel a week, with ex-

tensions in progress sufficient to double
that output.

Steel rail making had already begun,

and, in the sessions of the Birmingham

meeting of the British Association for

the Advancement of Science, Bessemer
had been able to show the results of an
experiment in which, at a hard-worked
point in a line of railroad, he had laid

down a length of some considerable ex-

tent of steel rails on one side and of iron

rails of equal weight opposite them, in

such manner that every passing train

would affect the iron and steel as nearly

equally as possible. The outcome was
the removal of twenty-three iron rails

while the steel rails remained service-

able. With a relative endurance ol
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twenty-three to one in favour of steel,

iron rails were doomed. They are to-

day unknown in the market and have
not been made for many years.

The London and Northwestern Rail-

way Company introduced this steel into

their boilers in 1863, and locomotive

boilers are to-day built almost univer-

to-day built of this, then novel, mate-
rial. By 1864, ordnance and^ projectiles

in considerable numbers had been pro-

duced,-—but for foreign) governments
only. Two years later, the process was
bringing its inventor an income from all

sources of about ^500,000 annually.

Meantime, the busy brain of the in-

1*:;%',

U--J

FIG. 8. ANOTHER VIEW OF THE TEST PIECE ON PAGE 44

1

sally of mild steel. Adamson had, as

early as i860, experimentally employed
it for stationary boilers. In 1863, Bes-
semer plate was employed for the first

time in shipbuilding, and all ships are

ventor was continually seeking new ways
of benefitting mankind. He' devised

the system of compression of the fluid

and solidifying ingot, to insure sound-

ness, — a system now famous through
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the later work of Sir Joseph Whit-
worth; he invented a high-pressure

furnace in which gases, combining un-
der great pressure, developed an inten-

sity of heat till then unknown in the

arts of metallurgy. A method of direct

production of steel from the ore was the

subject of thought, and labour, and of

prolonged experiment. Sir William
Siemens ultimately attained some suc-

cess in the same direction.

Bessemer devised a system of reduc-

tion of sponginess and of prevention of
'•' blowholes " in steel by a mechanical
stirring of the bath before pouring into

the ingot-mould, and he may thus claim

the credit of the invention of the most
successful processes, looking to this end,

now known. He invented a method of

suspension of a ship's cabin on a set of
" gymbals " with the purpose of evad-

ing seasickness, and actually built a

steamer which was tried on the Dover
and Calais crossing of the British chan-

nel. He brought out a new lathe for

cutting and grinding lenses, and be-

came a rival of Herschel and Lord
Rosse in the construction of powerful

telescopes. No department of science

or of mechanics was unknown or unin-

teresting to him, and in none did he
fail to see opportunity for invention and
improvement.
By 1880 Sir Henry Bessemer had

taken out a hundred and twenty pat-

ents, and had, it was estimated, paid

into the British Patent Office about

^10,000. The drawings were all made
by his own hand, and the specifications

and drawings, together, fill nine large

volumes. The only improvement of

the Bessermer pneumatic process in any
manner, which has come into successful

use through the labours of another

mind, is the so-called " basic process,"

in which a lining of material rich in lime

or other
'

' basic
'

' or alkaline sub-

stance, is employed for the purpose of

eliminating phosphorus; thus permit-

ting the use of ores otherwise not adapt-

able to the older pneumatic system of

steel making.
This, which is a process patented by

Messrs. Gilchrist and Thomas, now
produces a large amount of steel of fine
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quality from ores comparatively inex-

pensive, and which are otherwise in-

capable of employment for any purpose
demanding freedom from the deleterious

action of phosphorus. The softest

steels made by this method are particu-

larly useful for purposes, such as wire-

drawing and wire-nail making, which
demand exceptional ductility. The
machinery employed in the Bessemer
process is the invention, primarily, of

Bessemer himself, but innumerable im-

provements, in details, have been
effected, on both sides the Atlantic, by
engineers working this method.
The modern Bessemer steel-works

are hardly less remarkable for their won-
derful adaptations of steam-power to all

the principal operations, and the extra-

ordinary labour-assisting devices that

characterise them, than for the beauty
and simplicity of all primary operations.

The Bessemer process was promptly
taken up in the United States, largely

through the energy and skill and intel-

ligent foresight of Alexander L. Holley.

It was made extraordinarily productive

by the combination of great capital with

high engineering skill, and ultimately

became a source of profit to all con-

cerned, although it was not until after

the expiration of the earlier patents and
during the short period of their exten-

sions and of perfection of details of the

machinery of the works, that these

profits came to be sufficient to remun-
erate any one. In the United States

to-day are produced annually about
five millions of tons of this steel, and
more than is produced by any other

two nations, probably more than all

other nations together.

According to Smiles, in the twenty-

one years succeeding the introduction

of this new metal, not less than 21,000,-

000 tons were made, at a valuation of

about $5,000,000,000 (,£1,000,000,-

000). There are probably to-day about

two hundred establishments employed in

the work of production, and perhaps
6000 converters. In 1870, the origi-

nal patents having expired, the profits

of the inventor were stated at about

$5,000,000 (^1,000,000). The Shef-

field works paid their proprietors

eighty-one times the originally paid-in

capital in fourteen years. Meantime,
the work of the world is done with

Bessemer steel, and puddled iron has

been largely relegated to the limbo of

the by-gone.
The maximum production of iron and

steel, including Bessemer metal, in the

United States, has been reached in the

year 1895, and amounted to about 9,-

500,000 tons,—the largest product of

any nation in the world. Sir Henry
Bessemer takes the world's product of

this steel in 1892, at 10,500,000, and,

assuming that 40 per cent, of this

amount was converted into rails, its

value is reckoned as eighty-four millions

sterling, or pretty nearly $420,000,000.
Upon these statistics are based some of

those striking and helpful comparisons
for which he has always been noted;

for he combines the power of scientific

use of the imagination with ability to

provide opportunity for that talent in a

most exceptional manner. He says* :

—

" Let us use the mind's eye to assist

us, and imagine standing erect before

us a plain round column or tower of

solid steel 20 feet in diameter and 100
feet high; this, no doubt, would impress

us as a very large and heavy mass, and
but few persons would be prepared at

first to accept the simple fact that the

production of Bessemer steel in 1892
would make 1671 such columns and
leave a remainder of 5535 tons. Yet
such is the fact. These tall columns
would form a goodly row, and, if placed

side by side in a straight line, and in

contact with each other, would extend
to a distance of 6 miles and 580 yards;

indeed, there is on an average 5^ such
columns produced on every working day
in the year, bringing up each day's

production of steel to 33,546 tons, as

compared with Sheffield's former pro-

duction of 51,000 tons annually.
" We may put this in another way,

and imagine a plain cylindrical solid

column of 100 feet in diameter, a good
idea of which may be formed by a

glance at some of the very large gaso-

meters in the metropolis; then further

imagine this gasometer, not as a thin

* Engineering Review : July 20, 1894.
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iron shell, but as a ponderous solid

mass rising before you to an altitude

of 6684 feet 6 inches, or nearly one mile

and a third in height. Such a huge
solid mass would be exactly equal to

one year's make of Bessemer steel.

But even in this form we must draw
powerfully on the imagination; for but

few persons can in their mind's eye
fully realise a huge solid mass of such
heavy matter rising to more than six-

teen and a half times the height of the

cross of St. Paul's."

A graphic representation of such a

column of steel standing between St.

Paul's cathedral and the monument
erected to commemorate the great fire

of London, is shown on this page.
" It must be remembered that the

process of converting crude iron into

steel goes on ceaselessly in the converter

for the whole twenty-four hours of each

day, so that one hour's production is

only one twenty-fourth part of a single

day' s work ; but if all the steel produced
in the Bessemer converter in this short

interval of time were collected, it would
form a solid cylindrical mass of 8 feet

in diameter, and 139 feet in height, thus

overtopping the Duke of York's col-

umn and the Nelson monument. What
a noble portico would twenty-four such
columns make, the work of a single day,

but yet large enough to dwarf the grand
old ruins of Karnac or Thebes.

"It may be interesting to put this

matter in another form, in order to

bring it vividly home to the imagina-

tion. A steel ingot of one ton weight
is as nearly as possible five cubic feet

of solid matter. Let us now imagine a

solid square ingot of steel, having a

base measuring 50 feet by 50 feet, and
standing, say, 400 feet high. This
would make a square tower of solid

steel much larger than the clock tower
of the Houses of Parliament, which is

precisely 40 feet square, and about half

as high as this imaginary square tower;

in fact, such a tower would only be
about four feet below the top of the

cross of St. Paul's cathedral. This

tower would contain precisely 1,000,000
cubic feet, and would weigh just- 200,-

000 tons. Now, the Thames embank-

ment from Westminster bridge to Black-
friars bridge, measured down the centre
of the roadway, is one mile and a quar-
ter and a few yards. Let us suppose
one of these gigantic towers to stand
opposite the clock tower, and in a line

with the roadway over Westminster
bridge, and a similar one erected at the

other end of the embankment in a line

with the roadway passing over Black-
friars bridge. Let us further imagine
fifty other precisely similar towers

SOLID STEEL COLUMN, 6684 FEET 6 INCHES
HIGH AND IOO FEET IN DIAMETER.

Representing the world's production of Besse-
mer steel in 1892. St. Paul's Cathedral, London, is

shown at the left and the Monument to the fire of
London at the right.

placed equi-distant between them, thus

leaving a space of only 27 yards be-

tween each tower. This row of gigantic

towers would represent 10,400,000 tons,

or just 100,000 tons less than one year's

production of Bessemer steel, each- "of

the fifty-two towers being 1,923 tons

less than the average weekly produc-

tion.
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" We might think of many other ob-

ject lessons that would be likely to con-

vey to the mind's eye a vivid and rea-

listic picture of the enormous bulk of

matter represented by 10,500,000 tons

of steel. Let us select one other illus-

tration. Imagine a straight wall 100

miles in length,* 5 feet in thickness,

and 20 feet in height. Such a wall

would stand on 60^ acres of land. But
suppose that this wall, like a gigantic

armour-plate, was formed into a circle,

and used to surround London; the en-

closure so made would extend to Wat-
ford on the north side, to Croydon on
the south, to Woolwich on the east,

and to Richmond on the west. It

would, in point of fact, form a circular

enclosure of 31% miles in diameter, and
would embrace an area of 795 square

miles. This great wall of London would
just be equal to a single year's produc-
tion of Bessemer steel.

" The great financier who is con-

stantly dealing with the realised values

of many millions would have a very

keen appreciation of what ^84,000,000
really means, yet I doubt if even the

chancellor of the exchequer could off-

hand give anything like the correct di-

mensions of a mass of standard gold of

that value. It can, however, be easily

ascertained with accuracy. Since fifty-

seven sovereigns weigh just one pound
avoirdupois, the weight of 84,000,000
sovereigns would be 657 tons 17 cwt.

3 qrs. and 16 lbs., and as the specific

gravity of standard gold coin is 17.167,

we should have a mass equal to 1374.70
cubic feet, from which we could make a

plain cylindrical column of solid gold 5

feet in diameter and 109 feet 5 inches in

height, as a representative of the com-
mercial value of the larger column of

steel which I have referred to. It is an
interesting fact that the statistics pub-
lished by the Annates des Mines for

1893! show that it would take more than

three years' production of all the gold
mines in the world to pay in gold for one
year's production of Bessemer steel."

* Or more accurately gg miles and 2,280 feet in
length.

t Taken from a paragraph in the Times, showing
the weight in tons and value in pounds sterling of
the world's production of gold in i8g3.

The value of the service of this great
inventor to the world, in the introduc-

tion of this invention, is to-day difficult

to estimate. But we are now produc-
ing, annually, about $200,000,000
(^40,000,000) in gold from the mines
of the world. The United States would
to-day be producing, were they not in

the midst of one of their often recur-

ring and always unjustifiable business

flurries, not less than 5,000,000 tons of

Bessemer steel, and there would be as

much more in other countries,—a total

of ten millions of tons. Taking the

gain thus accruing to the world as

averaging only $20 (£/±) a ton, the

profits of the Bessemer process are now
$200,000,000 (^40,000,000) a year,

and equal to the full value of the world's
gold production for the same period.

It would require, in other words, all

the gold of ihe world to pay, in coin,

the mere profits of our use of the Bes-

semer process, and very much more
would be needed to pay the market
value of this inconceivable output.

When it is remembered that this

metal was marketed in its earlier days
at several times its present prices, and
even then competed successfully with
rival materials, it is obvious that, while

it is difficult to compute with any de-

gree of accuracy the profits made by
the world in this case, it is very probable
that they amount to more than the sum
of the gold and silver production of the

whole world, and that the indirect bene-

fit to the world by stimulation of trade

and manufactures, by supplying work
for an increasing population, and by
affording advantage in safety, comfort
of living, and increasing ease, and prog-

ress throughout the world, is far beyond
estimation. Of our computed profits,

as above stated, the inventor has re-

ceived perhaps a paltry 2 per cent., and,

among inventors, he is most extraordi-

narily fortunate. The world is not kind
to inventors, as a rule.

Thus, the inventor of the pneumatic
process of steel-making has not been
entirely unrecognised or unrewarded.
His fate has been vastly more enviable

than that of most of his confreres in this

department of philanthropy. A hand-
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some fortune is the pecuniary payment
of the world for his many times greater

contribution to its wealth. He was
elected president of the Iron and Steel

Institute of Great Britain in 1871, and
was made a member of the Institute of

Civil Engineers in 1877, and a fellow of

the Royal Society of Great Britain in

1879. The same year he was knighted

by the Queen, at Windsor, and in the

next year he was presented with the
" freedom of the city " by the govern-
ing authorities of London, " in recogni-

tion of the valuable discoveries which
have so largely benefited the iron in-

dustries of the country, and those scien-

tific attainments which are so well

known and appreciated throughout the

world.
'

'

In foreign lands, also, Bessemer re-

ceived merited honour. The King of

Wurtemburg presented him with a gold
medal and a letter of acknowledgment
of his great services to the world. The
Emperor of Austria conferred upon him
the honour, Knight Commander of the

Order of Francis Joseph, with a letter

conveying to him in suitable words of

compliment its circular collar and jew-

elled cross. The Emperor of the French
sought to do him similar honour in con-

ferring the Grand Cross of the Legion
of Honour; but this was denied him by
his own government. The Emperor,
not to be quite defeated, at the succeed-

ing exposition, presented him with a

great gold medal weighing twelve

ounces. The Society of Arts and Man-
ufactures of Berlin, presented a gold

medal and honorary membership.
Honours now began to come to him

at home more freely, and the Prince of

Wales presented him, in 1872, the
Prince Albert gold medal, as to a
worthy successor of its earlier recipients,

Rowland Hill, the Emperor Napoleon,
Faraday, Wheatstone, Whitworth, Lie-

big, de Lesseps and Cole; and then
came the other medals already men-
tioned. But, of all the compliments
tendered him, one of the most genuine,
and perhaps the most appreciated, came
from America, where citizens of the
United States founded a town in the

centre of what was coming to be one
of the greatest iron mining and manu-
facturing districts of the country, and
called it Bessemer, and a number of

places in various States have since

similarly paid him honour.

Personally, Sir Henry Bessemer is

one of the most striking and interesting

of figures, and intellectually one of the

most impressive of even the great men
among whom he is a leader. His face

is dark, his features marked and strong,

his eyes clear, dark, expressive and
penetrating, his figure is compact and
powerful, his manner dignified and yet
attractive and magnetic. He speaks
and writes easily and clearly, with ex-

cellent choice of language, a fine rhet-

oric, and an ample vocabulary.

Among strangers he is somewhat re-

served, among friends always gracious,

sympathetic and social. His face would
attract attention anywhere, and in any
company his manner would impress

any observer and his conversation would
please the most intellectual and learned.

In private, in public, and in his position

of perhaps the most famous, and deserv-

edly so, of living inventors, he is alike

notable and admirable.



ENERGY TRANSMITTED BY COMPRESSED AIR.

By Charles A. Hague.
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1

FEW years

ago it fell

to the lot

of the writer to ex-

amine and apply
indicators to the

various steam
pumps and en-

^*
-*vV it^^ gines, operated by

* iL^r BSu means of com-
HK"

pressed air, in and
""^^s;^^^* about two large

iron mines, and as

the subject of the

.

<"' application of com-
pressed air is now seemingly rapidly

coming to the front as a practical ques-

tion in the conveyance of power from
generating sources to points of use, it

might be of some little interest to note

the results obtained on that occasion.

The pressure employed at these

mines was 60 pounds per square inch,

obtained at a single compression, com-
pounding not having yet assumed prac-

tical shape, although beginning to at-

tract attention. The installation of the

plant had been brought about by the

presence of a very liberal water power,

and the absence of fuel at a reasonable

cost. Its success and economy justified

the courage and enterprise of its pro-

jectors, owners, and builders. The
compression of air, its transmission and
employment, under the conditions

found in this case, and at the pressures

reached, would very likely not be prof-

itable if the work of compression were
done by steam engines of however high

a grade and type, and the air under
pressure utilised for driving street cars.

It now remains to be ascertained

whether or not the pressures of from
several hundreds to several thousands,

all things considered in compressing
and in using, are possible and practica-

448

ble in the face of heat and refrigeration,

with the assistance of compounding,
tripling, quadrupling and what not;

that is, whether it will pay to employ
this vehicle for transporting power de-

veloped at a convenient and economical
point, and distribute the accumulated
energy for use through a system of

street cars.

Capitalists who invest money for a

return upon the outlay are very care-

ful in considering the enthusiastic,

although sincere, views of inventors,

and even if it is reasonable to believe

that compressed air will eventually take

important place in the world's work,
the investors who take the responsibil-

ity are very much in the position of the

man who wanted to know how to tell

toadstools from mushrooms, and was
advised to eat them and if he did not

die, then they were mushrooms. Ob-
taining, say, 10 per cent., or less, ot

the heat value of coal in the form oi

power for available use, is a sure thing,

well known, and, from the standpoint

of facts, cheap. But putting Professor

Tyndall's "mode of motion" into

some other medium of transportation

and paying toll at both ends of the line,

appeals to the man who pays the bills

with a force not easily appreciated by
the scientist. The losses met with in

transforming mechanical energy into

electrical energy, and sending it in this

form over the trolley wire and into the

car motor, or in investing the mechan-
ical energy in the pull of a cable, are

more than counterbalanced by many
conveniences and economies, and now
the hope that some incidental advan-

tages in sight may be realised and still a

little better economy be obtained, is at-

tracting attention towards compressed
air.

Returning: to the above mentioned
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mines, it was found by means of indi-

cator diagrams, measurements and
other data, that the larger mine of the

two was using, at normal temperature
of 60 degrees at the surface of the mine,

1,430,363 cubic feet of compressed air,

at 60 pounds pressure per square inch,

per twenty-four hours; and that the

smaller mine was using 444,922 cubic

feet per twenty-four hours at the above
temperature and pressure. The power
indicated at the former was 196 horse-

power, and at the latter, 47 horse-

power.
The air was compressed by two du-

plex compressors, each having two
cylinders 32 inches in diameter and
of 60 inches stroke, and after allowing

for the shrinkage of the air by cooling

from the temperature developed by
compression, to the normal temperature
of 60 degrees at the surface of the

mines, it was found that the compres-
sors delivered into the conduit 2,378,-

945 cubic feet of air at 60 degrees tem-
perature and at 60 pounds pressure per

square inch. From careful observation

and experiment it was decided to allow

a loss of 2 per cent, in passing from the

compressors to the mining locations,

although it is very probable that this

allowance will scarcely cover the leaks

from expansion joints and other causes;

but the net volume of air delivered at

locations at 60 degrees and 60 pounds,
is taken at 2,331,366 cubic feet.

The discrepancy of 456,081 cubic

feet, which was found to exist between
the total air estimated to have been
consumed, and the net quantity deliv-

ered at the locations by the compres-
sors, shows the losses or wastes from
leaks of piping and machines, or uses

not accounted for; and in summing up
there was charged to each mine a pro-

portion of the loss, corresponding to its

proportion consumed, making the gross

figures and percentages of each mine
as follows:

—

Larger mine _ 1,778,132 cubic feet.
Smaller mine.- 5531234

"

Larger mine 76 percent.
Smaller mine 24

"

The above percentages of consump-
tion are the same in relation to the air

actually accounted for; in other words,

6-4

the net consumption agrees practically

with the gross quantity as far as per-
centage is concerned.
The following details exhibit the man-

ner of reaching conclusions in the mat-
ter:— Each pump and engine was
charged with air at the average rate of

motion for the time covered by the in-

vestigation. The hoisting and incline

engines were carefully timed, and the
number of revolutions required to per-

form the respective operations in each
case were noted. The indicator dia-

grams from which the consumption of

air was calculated for hoisting and in-

clined engines, were selected from those
taken when the engines were doing
their average work.
The average work done per day was

reached by means of the mining com-
pany's records of hoists made during
the month. The distance lifted and,

hence, the revolutions of the engines

per lift, were carefully averaged from
the depths of the levels in the different

cases, so that after the amount of air

required by each engine for one revolu-

tion was determined from the average
work, it was only necessary to multiply

this quantity by the number of revolu-

tions necessary to perform ihe average
lift, and then multiply this result by the

average number of lifts per twenty -four
hours as determined from the records

of the month.
The machinery driven by the com-

pressed air consisted of Reynolds-Cor-
liss automatic engines, Knowles and
Cameron direct-acting pumps, Lidger-

wood and Rochester hoisting engines,

and rock drills of the Rand and of the

Ingersoll makes. Samples of the indica-

tor cards accompanying the report sub-

mitted are not now available, but they
closely resembled regular steam cards,

with the possible exception of being a

little more perfect in some respects, on
account of the air being a perfect gas

and not subject to condensation, al-

though the contraction of the air under
five or six expansions in a Reynolds-
Corliss engine, due to the extreme fall

in temperature, was plainly discernible.

Some very interesting details came
to notice in the automatic engines, illus-
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trating some features peculiar to com-
pressed air. For example, under six

expansions refrigeration would take

place to an extent that would result in

the formation of ice, or frost upon the

back cylinder head even when the sun
was shining directly upon it, and it was
deemed advisable to keep a little steam
going into the exhaust passage beneath

the cylinder. A successful experiment
was tried to admit the atmosphere into

the cylinder when the expansion curve

under a light load went below the at-

mospheric line. This was accomplished
by attaching large check valves to each
cylinder head opening inwards towards

-'the interior of the cylinder, and the re-

sult was that the expansion curve

changed to a horizontal line upon reach-

ing the atmospheric pressure and so

economised a trifle in power, as the

actual diagram down to absolute vac-

uum would, of course, be greater upon
the driving side of the piston, and thus

dictate a slightly earlier point of cut off.

The automatic cut-off engine is pre-

eminent in usefulness in the employ-
ment of compressed air, and, in fact,

all power generating engines will, no
doubt, run longer and with less leakage

and repair with compressed air than

with steam, on account of the absence
of heat, the philosophy of the matter
being that lubrication can be more
effectively applied.

Another interesting item was the evi-

dence of more or less moisture in the

atmosphere, furnished by the varying
tendencies towards the formation of ice

in the exhaust cavities of the various

machines. When the investigation

commenced, the weather was cold, and
the air was dry and clear; but after

about two weeks had passed, the weather
became warmer and the snow began to

melt, a state of things promptly shown
by the appearance of increased quan-
tities of ice, and, in fact, the appearance
of ice where formerly none had been
seen.

A Knowles No. 10 mining pump had
been running along with hardly any ice

at all showing at the exhaust outlet, but
after the snow melting had begun, ice

formed in such quantities that it became

necessary to occasionally burn waste at

the opening to keep it clear. The in-

dicator diagram from this pump, and,

in fact, from all the pumps, took the

form of a perfect parallelogram, with a

terminal of about 40 pounds, and when
ihe exhaust let go and the pressure of

the air fell in a straight line from 40
pounds down to atmospheric pressure,

the refrigeration was simply terrific. A
long centigrade thermometer was so

discouraged that, when placed in one
of these exhaust openings, the mercury
went clear down into the bulb and re-

fused to exhibit how cold the air really

was.

The following is a summary of the

quantity, and the power transmitted :

—

At the Compressors.

Cubic feet of air at highest temperature
and pressure. 3,199,968

Cubic feet of air at highest temperature,
60 lbs. pressure ___ - 3,867,000

Cubic feet of air, 60 degrees temperature,
highest pressure. i,g66,88o

Cubic feet of air, 60 degrees temperature,
60 lbs. pressure. 2,378,945

Cubic feet of air taken at suction pressure 12,287,878
Cubic feet of air, lost action at ends of
strokes 511,994

Cubic feet of air, displacement of pistons 12,799,872
Effective capacity at suction pressure. 96 per cent
Effective capacity, 60 degrees and 60 lbs.. 2,378,945
Loss or shrinkage" from temperature at in-
stant of compression to 60 degrees.38^ per cent

Power indicated by actual diagrams
from compressors ...1169 H. P.

Power indicated by isothermal diagrams
from compressors 931 H. P.

Power lost by cooling of air 238 H. P.
Power lost by cooling of air.. 20.59 per cent.
Friction of compressors and driving ma-
chinery 175 H. P.

Friction of compressors and driving ma-
chinery 15 per cent.

Total power given out by the water with
the compressors at 40 revolutions per
minute _ -1344 H. P.

According to well known laws, the

temperature of the air in the compressor
cylinders at the instant of highest

pressure was 393 degrees F. A ther-

mometer, placed in the outlet chamber,
indicated 285 degrees, but time of

observation being of short duration, and
the instrument not being protected at

its upper end from the temperature of

the room, the thermometer would nat-

urally show a lower reading than the

actual temperature of the compressed
air in the force chamber; in addition

to this the water jackets would prevent

the highest temperature at the instant of

compression reaching the thermometer.
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At the Mining Locations.

Diameter of the conduit, 24 inches.
Length of the conduit, 2.y2 miles.
Mean velocity of compressed air through con-

duit, 4% ft. per second.
Quantity lost in coming to locations, 47,579 cu. ft.

Net delivery at locations, 60 degrees and 60 lbs.,

2,331,366 cu. ft.

Proportion of air realized at locations, 60.28 per
cent.
Cubic feet accounted for by diagrams at mines,

1,875,285.
Cubic feet not accounted for by diagrams at

mines, 456,181.
Proportion unaccounted for, 19% per cent.
Of air accounted for the larger mine used, 76

per cent.
Of air accounted for the smaller mine used, 24

per cent.
Loss of power by friction of air in the conduit

coming from the compressors to the locations, 1

per cent, or 9.31 H. P.
Net power stored in air at locations, at 60 degrees

and 60 lbs. pressure, 921.69 H. P.
Net available power at locations was 68.57 per

cent, of total air.

Net available power at locations was 78.83 per
cent, of compressors.
Air delivered at locations per net H. P. per 24

hours, 2531 cu. ft. at 60 degrees and 60 lbs.

Air consumed at larger mine bj' steam pumps
and hoisting engines, not including Corliss type,
per H. P. per 24 hours, 9748 cu. ft.

Same for Reynolds-Corliss engines, 4394 cu. ft.

Average for all engines and pumps at both loca-
tions, 7921 cu. ft.

Total horse-power possible at 7921 cu. ft. per
H. P. per 24 hours would be, 294.30.

Horse-power accounted for, 241.36.
Deficiency, 17.9 per cent.
Horse-power possible from air accounted for,

241.52.
Horse-power actually accounted for, 241.36.

Horse-power not accounted for, 0.16.

The compressed air is distributed as

follows :

—

First Location.

Steam ptimps _ 70.76 Horse-power.
Rock drills 12.25

"

Hoisting engines 23.75
"

Corliss engines 88.40

Total. 195.16

Second Location.

Steam pumps 22.94 Horse-power.
Rock drills 5.46
Hoisting engines 17.80

"

Total 46.20
"

The Reynolds-Corliss engines con-

sumed 54 per cent, less air per horse-

power than the other machines, and at

this rate of economy, if it were possible

to use the automatic class of driving

engines for all purposes, the net volume
of compressed air received at the mines
would develop 530.50 horse-power as

against 294.30 under existing condi-

tions.

The most important fact brought to

light by this investigation is the very
great loss of power sustained in utilising

the compressed air at the locations,

and, in fact, it was this apparent loss

which brought about the investigation,

the impression having been made in

the minds of the directors of the min-
ing company, that the compressors
were not doing as much work as they
ought to. The compressors proved to

be doing all that could have been ex-

pected of them, but the losses, both in-

evitable and avoidable, were greater

than anticipated.

Only 31.9 per cent, of the stored up
power could be realised at the rate per

horse-power shown, and only 26.15 per

cent, actually was realised, the differ-

ence between these two amounts indi-

cating the waste or leakage. This im-

mense loss of power is easily explained

by the fact that the compressors deliv-

ered only 2531 cubic feet of compressed
air per horse-power, whereas the aver-

age consumption was 7921 cubic feet

per horse-power. Under the most fa-

vourable conditions, with two or four

large engines to use all of the air to the

best advantage, there would inevitably

be a loss of at least 25 per cent, from the

cooling by expansion in the cylinders.

It would not be safe with single-stage

compressors to reckon upon more than

40 per cent, of the total power at the
initial point, under the very best con-

ditions of automatic engine practice in

using the air; and with ordinary slide-

valve engines and direct-acting steam
pumps such as were used in the above
cases, not more than 18 percent, of the

total power would be derived from the

air at the point of employment.
Of the 19^ per cent, of the com-

pressed air not accounted for, a very
large proportion most probably escaped
through leaks practically inevitable in

a plant of this class; and as an indica-

tion of the possibilities in this direction,

the following enumeration is made of

places where the air at least might have
a chance of getting away in unknown
quantities:—280 stuffing boxes; 134
stop valves; 60 pistons; 100 slide

valves; 21 auxiliary valves; making al-

together 595 places of possible escape.

The lively interest now being directed

towards the compression and use of air

for power purposes is both natural and
logical, and the reduction of the losses

from the generating of the initial power
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to the employment of the air, by means
of multiple operations bids fair to bring

this very attractive, cleanly, and in

many ways desirable mode of energy
into prominence upon a large scale.

Perhaps the saving in the construction

and interest accounts may even now
more than balance some of the losses

which at present seem to be unavoid-

able; at least the outlook for compressed
air now is certainly as good as the pros-

pects were for electricity fifteen years

ago.

If the losses have been reduced to one-

half in compressing, as is now claimed

by those who ought to know, it may
pay some one to invest money enough
to find out the facts in the matter.

MAINTENANCE AND REPAIR OF MARINE BOILERS.*

By J. F. Walliker.

ONE of the principal points to be
considered in the paying life of

a steamer is the boiler ques-

tion, as care exercised in ordinary up-

keep from the first becomes a marked

December 31, 1895, the total number
of steamers registered in Cardiff alone

numbered 290, with a total tonnage of

183,900 registered tons. In bringing

forward for consideration a few points

H

factor when increase of years and adop-
tion of newer types of vessels bring

down to almost the vanishing point the

necessary margin of profit which tempts

the capitalist. It may be specially in-

teresting to note in this respect that on

J * A paper read before the North-EastCoast In-
stitution of Engineers and Shipbuilders, England.

for discussion, founded principally on
the writer' s experience, it will not per-

haps be necessary to say that the sub-

ject matter is confined entirely to the

present cylindrical type—or Scotch

boiler—as, it is understood, that with

few exceptions this is in universal use.

Whether the future boiler of the mer-
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cantile marine is or is not to be of the

water-tube pattern does not appear to

be in any way settled. That this boiler

is highly successful for certain classes

of vessels is an undoubted fact, and one
of the principal objections made to its

adoption has been for some time done
away with in the universal use, in the

best and most modern cargo boats, of

apparatus for supplying fresh water for

auxiliary use. The working pressures

of marine boilers is gradually getting

higher and higher, and, as we appear

to have nearly reached the limit of thick-

ness in the flat plates of the present

maintenance and repairs, there appear

to be two factors which have intimate

relations with them, and which must
assist or retard the ultimate success of

the most careful and elaborate supervis-

ion, and these are design and manufact-

ure.

Design.—The writer would place ac-

cessibility in the forefront of all boiler

design. What is usually seen in ill-de-

signed boilers ? Tubes and stays brought

close to the furnace crowns and shell of

boilers, stays placed in waterways, at

the sides of mud hole doors, etc. Wide
spacing of stays at the combustion cham-

boiler, some modification in form will

be necessary.

The increase of pressures will be

easily seen from the subjoined table cor-

rected up to the middle of last year:

—

Table Showing Increase of Pressures in

Main Boilers of Vessels Classed in

Lloyds' Register in 1883 and i8gj.

No. of No. of
Boiler Pressure. Vessels, Vessels,

1885. i8g 5 .

Below 60 lbs 122 40
60 lbs. to 70 lbs 673 217

70 lbs. to 80 lbs 1,326 666

80 lbs. to 90 lbs .. 1,650 1,101

go lbs. to 100 lbs 346 397
100 lbs. to no lbs 102 321

no lbs. to 150 lbs 33 213

150 lbs. to 160 lbs 34 517
i6olbs 14 2,200

Above 160 lbs 3 416

Before passing to the main question of

ber back seems to be a point often omit-

ted when designing a boiler, and there

appears to be no reason why a limit of

9-16-inch or ^-inch should be imposed
on a flat plate at this part when a 24 -inch

one is in successful use in an equally

hot or hotter part, viz., the furnace.

The difference in the staying of this part

with a 9-16-inch and a ^ -inch plate can

be easily seen from the sketches on this

page and the one preceding, which show
a marked difference in favour of the

thicker plate; actually 264 stays with a

9-16-inch plate and 156 stays with a
%'-inch plate.

Management.—The superiority of the

system upon which boilers of the pres-
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ent day are worked, compared with

that of fifteen or twenty years ago,

shows enormous strides in the general

condition in which they are found. At
that time twelve years was usually looked

upon as a good life for a marine boiler,

and with the lighter scantlings, indiffer-

ent workmanship, and general want of

knowledge in treatment, this remark was

more or less perfectly true. With,

however, the present better knowledge,

it is not a bold assertion to make that

thirty years will not be an excessive

age, and more especially when it is re-

wasting and (4) distortion. The chief

factors in external deterioration are:

—

(1) Leaking at landing edges and rivets.

Application of Zinc and Soda.—The
cause of pitting and corrosion has been
discussed almost ad nauseam in every
society taking an interest in boiler de-

terioration, but it is now a matter of

universal knowledge that its harmful
effects can be entirely obviated by
cleanliness and care, and by the use of

zinc and common soda. These are ap-

plied under various patent designations,

but the resultant is the same in lasting

benefit to the boiler. The almost en-

tire disuse of oils for the pistons and
valves of engines has materially contrib-

uted to the present good order of the

interiors, and it cannot be too much
emphasised how well the modern en-

gine runs under these conditions. It

has been claimed as a factor in the suc-

cess of the water-tube boiler that the

cylinders and valves of the engines are

run without oil, but this system of only

using the small portions passed in from
the piston and other rods has long pre-

vailed in many of our best cargo boats.

The evaporator has been already noted,

and the advantages of its useful ad-

juncts ; the feed heater and strainer have
also been fully discussed.

QUARTER-SIZE DETAIL SHOWI1
FRACTURE IN STAYS.

membered how many boilers of over

eighteen years of age of the older type,

and under the newer conditions of

knowledge, are still in existence, and
doing good work. The chief items in

internal deterioration are:— (1) Pitting

and corrosion, (2) overheating of plates

due to scale, etc. ; and consequent (3)

Maintenance and Repairs.
Setting- Back Furnaces.—Among the

numerous items of boiler repairs there

have, unfortunately, still to be faced

that of occasional distorted furnaces,

and these, when found seriously out of

shape, have to be dealt with either by
replacing or by being forced back into
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their original shape. The usual pro-
cedure is to cross-stay the furnace at

right angles to the direction in which
the force has to be applied, properly
support the under side of the furnace,

and then to restore to shape by press-
ure^ going over the parts again and
again. Where the deflections have
taken the form of pockets, a hole has to

terious cracks in shell plates of double-
ended boilers, and also in combustion
chambers. The origin of these has been
fully investigated, and their causes are

well understood. Ofmore recent inter-

est are the cases of fracture of short com-
bustion chamber stays, generally occur-

ring at the backs at bottom, and occa-

sionally in double-ended boilers at the

STARBOARD.

be drilled in the centre for the gather-

ing of the metal, and no difficulty has

been experienced so far, even in very
hopeless-looking cases. A hydraulic

jack, with side arms and chocks, adapt-

ed to different diameters—Fig. 3—has

been in successful use for some time,

and it need not be added in this age of

steel boilers that these operations are

carried out without the aid of heaters.

Failure in Plates and Stays.—Some
few years ago engineers were troubled

with what were than considered mys-

top row in the wings. Examples of
these are shown in Figs. 4 and 5, and
the causes are apparently due to un-
equal expansion. It is to be noted in

each case that the stays have broken
off next to the shell, that they show no
signs of elongation, that the fracture is

nearly square, and that no further

trouble has occurred after they had
been once renewed.

Boiler Tubes.—A question has often

arisen as to the condition in which the

tubes of a boiler ought to be kept,
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whether it is better to let them run un-
cleaned, or with the same care and at-

tention bestowed on them as the fur-

naces, and the question, being rather an
interesting one, may be stated in the

following way:—The percentage of tube
surface in the heating surface of a boiler

is about 85 per cent. , and the effective

heating surface 40 per cent.—allowing

30 per cent, for furnaces and 30 per
cent, for combustion chambers, etc.

Now, if we take this at 20 per cent, in-

stead of 40 per cent. , what becomes of

all this efficient heating surface when the

tubes have fror -inch upwards of hard
scale on them, and does it not seem to

point to true economy in working to

have this important boiler factor kept
at its highest state of efficiency ? With
the more modern boiler this is beginning
to be seen, but, with few exceptions, the

older type of boiler—and this the one,

too, that can least afford it—is allowed
to be neglected until the corrosion,

which has all the time been at work un-
der the scale, eats through the metal
and causes delay and expense by a gen-
eral total renewal of the tubes at the age
of six years and upwards. The writer

is cognisant of one firm of shipowners
who consistently cleaned their tubes,

and their small coasting vessels, of 1500
tons to 2000 tons, had never in one in-

stance, up to a short time ago, retubed
a single boiler, several of which had
been running in continuous work over
eighteen years.

Guards to End Plates.—A point that

might be added with regard to end plate

guards is the absolute necessity of hav-

ing them either fitted altogether sepa-

rate from the boiler end—which is the

best practice—or so made that soot or

other matter is unable to gather there

to the serious detriment of the plate and
contiguous stays. The whole of the
deterioration observable in this part
could, in the writer's opinion, be abso-

lutely done away with by attention to

this most necessary detail, and all wast-

ing can invariably be traced to the pres-

ence of undue heat.

Auxiliary Boilers.—Speaking gen-
erally, the principal wear noticeable in

auxiliary or donkey boilers is due en-

tirely to the effects of heat and damp
on the shell, this being most noticeable

in the cases of vertical boilers in stoke-

holds where the wasting is invariably to

be found on the side next to the main
boilers. The cure for this is so obvious
that it would be unnecessary to mention
it were it not for the fact that so many
boilers are rapidly depreciating for the
want of a little protection when out
of use.

Boiler Coveri?tg.—It may seem out
of the scope of this paper to mention
tanks under boilers in connection with
it, but it seems to have escaped general
notice that it is as necessary to cover
the bottom of a boiler as it is the

top. It goes without saying that if

a boiler could be kept perfectly cool,

the extensive deterioration in tanks
at this part would cease. The proper
and efficient covering of the shell at the
bottom has made a marked improve-
ment in the case of the steamers which
have, so far, adopted it.



AN OLD WATT ENGINE AT THE SOHO FOUNDRY, ENGLAND.

A FEW STEAM ENGINE CONTRASTS.

By George L. Clark.

IT
does not take long to make an in-

teresting collection of literature

pertaining to any particular branch
of engineering. All kinds of data con-

stantly present themselves, and it re-

quires comparatively little labour to

properly classify and permit them to ex-

pand into references of most convenient
and useful character. It is, in a measure,
surprising to find how instructive such
accumulations often become in a short

time. They show very distinctly the

trend of thought and action in differ-

ent departments of engineering and in

different minds, at different periods, too,

perhaps, and are suggestive in many
ways.
From such a collection of steam en-

gine literature the illustrations and par-

ticulars, given in the following pages,

have been taken. They refer to a num-
ber of designs, old and new, of widely

varying characteristics. The first two
of the illustrations are from The En-
gineer, of London, and show a type of

engine which very few of the present

generation can have seen. It was one
of the engines of the venerable Soho
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Foundry, in England, and was prob-

ably designed by the late James Watt
about seventy-five years ago.

The peculiarity of its design, accord-

ing to The Engineer, caused it to be
known as the " bell-crank " engine. In

all probability the dual work with which
it was called upon to deal was the ne-

cessity which brought forth its general

arrangement, adapted, as will be seen,

both for pumping and tool driving.

With regard to the former capacity,

the general view will show the lower
arms of the bell-crank levers coupled
by a cross bar, from the centre of which
the main connecting rod transmits mo-
tion to the main crank, and thence by
another rod to a second bell-crank lever,

which works a lift pump in a well,

shown in the diagram on this page.

It is said that the vacuum of this en-

gine was so good that it could boast of

enough and to spare, and that a 6 inch

pipe was connected with the condenser
of a 24 horse-power beam engine in an
adjacent building for the purpose of re-

ducing the inefficiency of the latter.

In all other respects, its character seems
to have universally been that it was
ready for work night and day for weeks
together. Its working pressure was
that usually adopted in those far-off

days, viz. , 10 pounds. The main shaft,

which is square, is below the ground
level, and is carried upon pedestals sup-

ported upon brick piers, and the rock-

ing shaft upon which the bell-crank lev-

ers are keyed has its bearings just above
the ground level.

The air pump is worked from the

horizontal arms of the side levers, and
the eccentric rod is thrown out of gear
by means of the disengaging apparatus,

so much used in those days, which acts

in opposition to the gravity of the rod.

Diameter of cylinder = i8in.; stroke = 26m.
Do. air pump = isin.; do = nin.
Do. well pump — ioj^in.; do = igin.

Do fly-wheel = nft. 6in.

The well pump is about 43 feet from
the main shaft, and its lift is about 15

feet, the stroke of 19 inches being due
to unequal leverage of its bell-crank

arms. The slide valve is worked from

the top of the steam chest by side rods

connected with levers on a rocking shaft

off the main frame, and the engine is

controlled by the old type of fly-ball

governor—one of Watt's minor, yet

most essential inventions.

In bold contrast with this venerable

relic stands the triple Corliss beam en-

gine, shownon the opposite page, built by
Messrs. W. B. Thompson & Co. , of Dun-
dee, Scotland, for a cotton mill in Bolton,

and which by many engineers has been
considered one of the most astonishing

of recent things in steam engineering.

There are three cylinders

and three beams, the cylin-

ders standing on the floor

level, accessible all over.

Everything is in equilibrium;

the foundations are light
;

and there is very little detail

of framing or mechanism.rThe remarkable feature

of the engine is the beam
pt^Tl arrangement. Beam engines

have been called old-fash-

ioned, even to the point of

ridicule. Their use on Amer-
ican river steamers, for ex-

ample, has called out a good deal of

adverse criticism from English steam
engineers, who have contended that

American practice was half a century
behind, and that beam engines were
superseded in English practice long ago;
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but, like some other superseded inven-
tions, they come back again when in-

novations have run their course.

The popular idea of beam engines in

America as well as in England,—that

taken up on vertical lines, falling in the
plane of best resistance, that is, normal
to the foundation.

The engines shown in the engraving
were driven for trial at more than one

they are nearly obsolete, and have given hundred revolutions, when loose and

TRIPLE CORLISS BEAM ENGINES. BUILT BY MESSRS. W. B. THOMPSON & CO., DUNDEE, SCOTLAND.

way to better forms ol construction,—is

not true, and never can be until the

same functions are attained in other de-

signs,—not for all uses, but for a large

share of cases.

The things especially referred to are

that the reciprocating elements of beam
engines are in equilibrium, balanced on
a scale beam, so to speak; the piston

is suspended in the cylinder, so as to

wear equal on all sides, and the links

or connections make only a slight angle,

so that there are no considerable lateral

strains. The same remark applies to

the crank connection, which is long
without a corresponding waste of room.
The various pumps are worked di-

rectly from the beam with only motion
rods for gearing, and the machinery, as

a whole, occupies a long narrow space,

fore and aft in vessels, and is set on edge,

so to speak. The principal strains are

resting on blocks. Their working rate

is much less, and the foundations re-

quired are not more than one-half as

expensive as they would have been to

accommodate directly-connected en-

gines. This latter feature is, however,

due in a great measure to the triple

beams and connections, with conse-

quent balancing, in a great degree, of

the reciprocating strains.

The valve motions are extremely
simple, and the main parts, requiring

care and adjustment, are all within easy

reach. The cylinders stand on the

floor, and an attendant can go all

around them. The convenience is re-

markable, and is not attainable in the

same degree by any other arrangement.
Radically different from the engine

just considered is that shown in eleva-

tion and detail on the next two pages,

and known as the Dake square pis-
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SQUARE PISTON ENGINE. BUILT BY THE DAKE ENGINE CO., GRAND HAVEN, MICH., U. S. A.

ton engine. It is not a rotary engine
as its appearance, at first glance, might
indicate, but a double regular reciprocat-

ing engine of very compact make. It is

shipped by the builders ready to bolt

down and set to work.
In the upper one of the illustrations

opposite, the two pistons are removed,
snowing the interior of the case with
the crank in position. The latter re-

volves in a special chamber.
The illustration below shows the

pistons in their proper position on
the crank and carried to the extreme
right hand. Both pistons have a hori-

zontal movement, sliding from side to
side, and at the same time the inner
piston, to which the crank pin is at-

tached, has a vertical or up and down
movement, the two movements impart-
ing rotary motion to the crank. The
steam supply to the pistons is effected

through channels in the cover, leading
down to the centre from above, one

opening into a central aperture, and
the other into an annular opening.

Four channels are cored through the

inner piston, two leading to the top and
bottom, respectively, and one to each end
of the inner piston; these latter also lead

through the ends of the outer piston.

Four ports, corresponding with the

channels in the interior of the inner pis-

ton, are cut through the face (or side

next to the cover), of the inner piston,

in the proper position to register over
the central aperture in the cover. The
steam, entering the port in the inner

piston, through the central aperture of

the cover, imparts motion to the crank,

the port passing over the annular ring

and exhausting into it after having done
its work. There are four distinct im-

pulses ot steam to each revolution ot

the crank and the arrangement of the

ports to the crank is such that each im-

pulse of steam is given at a point where
it has the greatest power.
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The inner piston is fitted with phos-

phor bronze slides that admit of a thin

piece of tin or sheet iron being inserted

when the wear is sufficient to allow it.

A wedge-shaped plate, on which the

lower slide rests, is arranged with set

to a plain reciprocating slide valve en-
gine, with pistons running in cylinders

in the ordinary way. The difference is

that instead of one large cylinder, there
are four small ones, set at the corners
where the large one would be, with the

THE CYLINDER OF THE DAKE ENGINE, WITH PISTONS REMOVED

screws on the outside of the case; this

keeps the piston steam tight top and
bottom.
The Dake engine is recommended

for direct connection at either low or

high speeds, having, it would appear,

given satisfactory results in such work
in many cases. In driving centrifugal

cross head hung at the back of them on
a large ball and socket connection, mak-
ing the crank pin describe the lines of

a cone instead of the lines of the crank,

getting rid of centres and having a con-

stant push on the crank pin all the time.

The large socket connection carrying

the cross head has a little crank pin on

THE PISTONS IN THEIR PROPER POSITION.

pumps, for example, it has been known
to perform admirably under severe

conditions.

The Knickerbocker engine, like the

Dake, is not a rotary motor, despite its

appearance, but is similar, essentially,

the other end of it which revolves the

valve shaft. The eccentric is fastened

to this shaft and in the steam chest be-

tween two walls. The valve is loose

around the eccentric, and the latter re-

volves while the valve, being larger in
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ENGINE BUILT BY THE KNICKERBOCKER ENGINE WORKS, HARTFORD, CONN., U. S.

diameter, simply slides back and forth.

The connections between the cross head
and the pistons are all ball and sockets,

and their motion is that of a figure 8.

The nature of the design enables

everything to be brought into very small

space. The engine needs no founda-

tion and can be placed anywhere both
for stationary or marine service.

Avertical triple expansionengine,with

several novel features, is shown on pages
463and464, having been built by Messrs.
Bumsted & Chandler for Messrs. Cad-

LONGITUDINAL SECTION OF THE KNICKERBOCKER ENGINE.

lemey's mills, near Birmingham, Eng-
land. The illustrations have been re-

produced from Engineering, of Lon-
don, from which also the following data

are taken:—The engine is intended to

indicate 120 horse-power, with steam
at 180 pounds initial pressure. It is of

the inclosed type, with cylinders 11

inches, 15^ inches, and 22 inches in

diameter by 13 inches stroke.

The three pistons are mounted on a

single rod, which at its lower end is

secured to a cylindrical cross head. The
valves are similarlymounted,

and are four in number.
The lowest one of the set

controls the exhaust port,

^_ and prevents the vacuum
destroying the cushion steam
above the low-pressure pis-

ton, thus securing that the

connecting rod is always in

compression, and render-

ing the engine silent in

working:.
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The other valves are of the solid piston

type. The engine works on the Corn-

ish cycle, the exhaust steam from the

top of each cylinder passing first to the

bottom of the same cylinder before it

enters the next cylinder. Drainage is

secured by the presence of a series of

small holes near the bottom of each cyl-

inder, which are uncovered by the pis-

tons when in their lowest positions.

All water thus passes continually down-
wards, and finally is delivered to the

condenser.

The turning and starting gear is fitted

to a prolongation of the bed plate, and
to increase the efficiency of the lubrica-

tion in the crank chamber, splashers are

attached to the crank webs which throw
the oil to the top of the casing. The
exhaust steam is entirely excluded from
this chamber.
One of two steeple compound en-

gines, built some time ago by the Fitch-

burg Steam Engine Company, of Fitch-

burg, Mass., for the Oakland, Cal., Gas,

Light and Heat Company, is shown on

CHANDLER'S TRIPLE EXPANSION ENGINE. BUILT BY MESSRS. BUMSTED & CHANDLER,
HEDNESFORD, ENGLAND.
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the opposite page. The cylinders are

16 and 27^ inches in diameter and of

20-inch stroke. It runs under 140
pounds of steam, and develops about

400 horse-power at 210 revolutions.

SECTIONAL VIEW OF CHANDLER'S ENGINE.

The cylinders are jacketed with non-

conducting material and then covered

with cast iron lagging. The valve of

the high-pressure cylinder is operated

direct from the shaft governor, giving

a variable cut-off from zero to two-thirds

of the stroke, while the low-pressure

cylinder is operated by a separate ad-

justable eccentric, placed between the

governor case and the adjacent shaft

bearing. The cut-off in the low-press-

ure cylinder can be Varied from one-

fifth to two-thirds stroke. The exhaust
from the high-pressure cylinder passes

through a steam-jacketed receiver pro-

vided with a non-conducting covering.

An engine of rather special interest

is that built for experimental purposes
for the Whitworth Engineering Labor-
atory, at Owens College, Manchester,
England, by Messrs. Mather & Piatt,

of the same city. The primary purpose
of this engine is to afford the students

opportunities of practice in making the

various measurements involved in steam
engine trials; to afford them an insight

into the action of steam in the engine,

as well as of the mechanical actions, and
also to render them familiar with good
examples in steam engine design. An-
other purpose, however, which such an
engine should serve, is that of supply-

ing a means of research by which knowl-
edge of the steam engine may be ex-

tended.

Having regard to these two purposes,

Mr. John Ramsbottom and Mr. John
Robinson were appointed by the Coun-
cil of Owens College to select, amongst
other appliances, the steam engines best

adapted for the special purposes of the

laboratory. They decided that the en-

gines, while as far as possible rep-

resenting in their principal mem-
—-n bers the most approved existing

3g&l practice in steam engine con-
^ struction, should be specially de-

signed to afford the utmost facili-

ties for experiments on the use

of steam throughout the entire

range, and, if possible, beyond
the limits hitherto accomplished

in practice.

In describing the engine some
time ago in a paper before the

British Institution of Civil Engineers,

Professor Reynolds explained that as

best meeting this demand it was decided

to have three engines, working on sepa-
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A STEEPLE COMPOUND ENGINE. BUILT BY THE FITCHBURG STEAM ENGINE CO.
FITCHBURG, MASS., U. S. A.

6-5
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rate brakes, and that all the engines
should be of the inverted-cylinder type,

with the walls and covers separately jack-

eted with steam at boiler-pressure, and
so arranged that they could be worked
with or without steam in any or all of

the jackets. Each engine was to be
capable of working with steam at any
pressure up to 200 pounds per square
inch, to run at any piston speed up to

1000 feet per minute, and to have ex-

pansion gear to cut off from zero up to

two-thirds of the stroke. One engine
was to be supplied with air-pump and
surface condenser; the other two en-

gines were to be furnished with alterna-

tive exhausts, either into the atmos-
phere, or into steam-jacketed receivers

supplying steam to the next engine, and
each of the receivers also was to have
an alternative supply of steam direct

from the boiler.

In addition to the brake, each engine

was to be furnished with a fly-wheel, to

act as a belt or rope pulley, weighing
about 1200 pounds, carried on a separ-

ate shaft with a coupling to the crank-

shaft.

The firm of Messrs. Mather & Piatt,

Salford Iron Works, undertook the

preparation of the designs and the con-

struction of special engines and boiler

to meet in all respects the wishes of the

committee, and spared neither trouble

nor expense in carrying out the work.
It was entirely owing to the zeal and
liberality of this firm that the college

was enabled to meet the expense of an
undertaking involving so much special

work. The design of the engines,

shown above and on the opposite page,

contains many novelties.

As regards the cylinders, pistons,

and valves, Professor Reynolds says

there are three noticeable departures.

To obtain completeness in jacketing,
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both ends (or covers) were jacketed as

well as the walls. To ensure efficiency

of the jackets, steel liners were used and
the covers were domed, so that the sur-

faces should free themselves by gravita-

tion from the water resulting from con-

densation, the water being drained from
the lowest point in the jacket spaces.

To diminish the resistance of the pas-

sages, these were made abnormally
large, the area of the ports being 13 per

cent, or 1-7.5 the area of the piston, and
the steam chests, too, were very large.

To diminish clearance, the ports were
made straight, and the valves brought
as close as possible to the cylinder,

double valves being used. The pistons

were formed to occupy the space in the

cylinder, except ^-inch clearance at

the ends. The result is that in engine

No. 1 the clearance space shut in by
the main valve is 4 per cent, and 1.7

per cent, more by the rider, and in en-

gines 2 and 3 the clearances shut in by
the main valve are 6 per cent., and 2.5

per cent, more by the riders.

To obtain an adjustable cut-off, since

at the higher speed the engines were
intended to run 400 revolutions per

minute, it was practically impossible to

use any form of trip cut-off. Meyer
expansion valves were used on the

backs of the main valves.

The engines are exceptionally strong,

being all of them designed to work safely

with a pressure of 200 pounds on the

square inch, so that the effect of expan-

sion in one cylinder might be compared
with compound or triple expansion.

The frames of the engines are of a

somewhat novel form, and their pur-
pose may not be immediately apparent.
It will be seen, however, that the front

cover is cast with a kind of entablature
or box, connected with the base plate

by four wrought iron columns, placed

symmetrically as regards the piston

rod. The function of these columns is

to withstand the vertical forces arising

from the steam pressures on the cylinder

covers, and to maintain the axis of the

cylinder vertical against any forces; they
are not calculated to maintain a hori-

zontal position against lateral forces

such as might arise from the action of

the slide block. To meet such lateral

forces the base plate is prolonged up-
wards in the form of a strong box stand-

ard, the upper portion forming the slide

bars, which at the top encircle the pis-

ton-rod and pass within, but not touch-
ing the box cast on the cylinder cover.

Through the sides of this box are four

horizontal set screws, which grip the

top of the standard, and so transmit any
lateral force directly to the standard, as

well as admitting of the adjustment
necessary to maintain the cylinder co-

axial with the slide bars.

In this way the vertical forces are

taken symmetrically, and cause no dis-

tortion of the engine. The cylinder is

held very rigidly by four columns, and
the horizontal forces arising from the

pressures of steam in the pipe, and par-

ticularly from the expansion and con-

traction of the pipes under a variation

of temperature of more than 300 de-

grees, are taken by the cast iron stand-

ard. And, what led more than any-

ELEVATION OF THE OWENS COLLEGE ENGINE.
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thing else to this design, all distortion

arising from heat is avoided. The heat

connection between the cylinder cover

at 400 degrees is cut, except for the four

columns which are heated symmetri-
cally, and the four set pins which
conduct very little heat to the slide

bars.

The result appears very satisfactory,

the engines running with the slide bars

cool at 400 revolutions per minute, do-

ing 100 horse-power with great steadi-

ness.

The somewhat peculiar general ar-

rangement of the engines seems to re-

quire a word of explanation. Vertical

engines were adopted on account of the

much greater accessibility they afford

to all the parts ; also because they allow

of the water from the steam jackets be-

ing drained back into the boiler with a

less difference of level between the floors

of the boiler house and the engine room.
The crank shafts of the engines were

raised 3 feet above the floor in order to

allow of the floor being kept level and
to admit of pulleys 5 feet in diameter;

also because 3 feet is a convenient height

for working the brakes, oiling and ad-

justing the gearing. The most notice-

able feature in the arrangement of the

engines—the distance between them

—

was necessitated by the alternative shaft

connections which it was decided to give

them, and particularly by the room re-

quired for the belt and rope gearing,

and for working the three separate

brakes.

The complete shaft consists of seven
separate shafts on separate bearings,

which can be connected into a single

shaft by six special coupling boxes.

The shaft immediately on the right of

each engine carries a brake, and these

brake shafts of the two smaller engines
carry 11 -inch belt pulleys, 5 feet in di-

ameter, weighing 11 hundredweights,
while the brake shaft for the low-press-

ure engine carries two 15-inch pulleys,

3 feet in diameter, weighing 9 hundred-
weights, one for a belt and one for ropes.

These pulleys act as fly-wheels when
the engines are working separately;

and, in addition to these, there is be-

tween the brake shaft of the intermedi-

ate engine and the crank shaft of the

low-pressure engine an intermediate

shaft carrying a 12-inch rope pulley, 5
feet in diameter, weighing 12 hundred-
weights, which may be used as an aux-
iliary fly-wheel on this engine.

The intervals between the engines

necessitated by this intermediate gear-

ing are 7 feet between No. 1 and No. 2,

and 12 feet between No. 2 and No. 3.

These intervals entail no evils in the

working ofthe shaft except the increased

friction arising from the additional

weight and number of the bearings.

This friction may be accurately meas-
ured and taken into account in deter-

mining the brake horse-power.

UNUSUAL CORROSION OF MARINE MACHINERY.*

By Hector Maccoll.

CORROSION in marine engines

and boilers is usually confined

to well-known parts, is not rapid

in its action, and may be prevented or

stopped by the adoption of suitable

measures. In a recent instance its ac-

tion was so widespread, so rapid, and
so powerful, as to render a short de-

*A paper read at the recent Belfast meeting of
the Institution of Mechanical Engineers.

scription of it somewhat interesting to

engineers.

The steamer Gloiarm is a steel vessel

of the long raised quarter-deck type,

built in Belfast in 1890 for the Antrim
Iron Ore Company, and is engaged in

their trade between Belfast and ports

on the northeast coasts of Scotland and
England. She is classed 100 Ai in

Lloyd's register, with a deadweight
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capacity of about 800 tons, and her
machinery consists of three-crank triple

engines, with cylinders 17 inches, 27
inches, and 44 inches in diameter, by 30
inches stroke, a three-furnace single-

ended boiler of the usual type, loaded
to a pressure of 165 pounds per square
inch, and a single furnace horizontal

multitubular donkey boiler. The shaft-

ing and other forgings are all of iron;

the boilers are of steel, with iron tubes.

On Tuesday, December 24, 1895,
this steamer, carrying a cargo of about

650 tons of burnt ore from Irvine to the

Tyne, struck on a rock in the Sound of

Mull, and was at once beached in Scal-

laster bay, where the sea stood a little

over her after-deck at low water and
close up to her bridge-deck at high
water. On the following Monday, De-
cember 30, after having been submerged
six days, she was pumped out and
raised. On the same day steam was
got up in the main boiler, but when
about 30 pounds pressure had been
reached, the steam valve on the donkey
pump blew out, and it was found that

the copper at the bend of the donkey
feed-pipe next the main boiler had dis-

appeared; fires were therefore drawn,
and the boiler blown off. On Friday,

January 30, 1896, all leaks having been
so far reduced as to be under control of

the salvage pumps, the vessel left in

tow for Belfast, where she arrived early

on Saturday morning, all the salvage

operations having been successfully con-

ducted by Captain Bachelor, of the

Liverpool Salvage Association.

On examination, the machinery was
found to present an extraordinary ap-

pearance. All wrought iron work was
deeply and roughly corroded, and
planed cast iron work rendered so soft

as to be easily cut with a knife. These
unusual effects were undoubtedly caused
by the cargo of burnt ore, and the fol-

lowing explanation has been contributed

by Mr. S. Courtney, chemist, of Messrs.

Francis Ritchie & Sons, Belfast, who
investigated the subject at the request

of Mr. Robert Browne, secretary and
manager of the Antrim Iron Ore Com-
pany :

—

Burnt ore is the residue from the

manufacture of vitriol from sulphur
pyrites, and is generally found to con-
tain about 4 per cent, of sulphate of

copper, together with a little sulphate
of iron due to the sulphur not having
been completely burnt out of the ore,

and becoming oxidised into sulphates.

The sulphate of copper would be more
or less completely dissolved in sea water,

and as the latter contains a considerable

quantity of chloride of sodium, or com-
mon salt, this would react on the sul-

phate of copper, forming sulphate of

sodium and chloride of copper. The
sulphate of copper and chloride of cop-

per are both soluble in water, and a so-

lution of either or both dissolves wrought
iron and cast iron. The chloride is

more energetic in its action than the

sulphate, but in time a solution of either,

no matter how weak, will dissolve an
atom of iron for every atom of copper
present. Every hundred tons of cargo
contained as much sulphate of copper
as would, if available, dissolve near 32
hundredweight of metallic iron. The
burnt ore might also contain a small

quantity of free sulphuric acid, which
would combine with the soda of com-
mon salt in the sea water and set free

hydrochloric acid, and the latter would
rapidly act upon copper or brass."

On the condition of affairs being dis-

covered, the engines and boiler, as well

as the hull, were at once opened up for

survey, the underwriters being repre-

sented by Mr. Henry H. West, of Liv-

erpool, and the owners by Mr. James
Maxton, of Belfast. The entire work
on the hull and machinery was after-

wards carried out under the direction

of the latter. The general condition of

the engines was that wrought iron work
had been penetrated by corrosion to a

depth of about 3-32-inch, and planed
cast iron so softened that ^3 -inch had to

be taken off before a hard surface was
regained. Surfaces in bearing contact,

or with oil between them, and all painted

surfaces, were completely preserved.

The detailed condition of the various

parts, and the measures taken to re-

store them, were as follows:

—

The cylinders had partially filled

through the hot well, and from the
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drain cocks being open. The lower

part of the intermediate cylinder was
softened for 12 inches up, and was re-

bored 1^ -inch larger in diameter, and
the piston altered to suit. The piston

valves and liners in the high-pressure

and intermediate cylinders were soft-

ened at their lower ends ; the liners were
rebored, and the valves fitted with new
rings. The lower edges of the low-

pressure slide valve and face were also

softened; the valve was planed, and the

lower bar of the face chipped off and re-

placed by a brass strip, pinned on. In

all other respects they were sound and
good.
The piston rods and connecting rods

were turned all over, reduced 3-16-inch

in diameter, and the former fitted with

new neck and gland bushes.

The guides had ^-inch planed off

them before a hard surface was reached;

and the guide shoes were lined up to

suit.

"7 The valve gear is of the Hackvvorth
type. The valve spindles and various

rods were turned all over, to remove
the deep pitting; the angle blocks had
their planed surfaces reduced ^s-inch,

and the various parts lined up to suit.

The crank-shaft webs were deeply

corroded; but as there was ample
strength, they were filled with " hard
stopping

'

' and painted. The shaft

journals and crank pins were pitted

longitudinally in the exposed spaces

between the white metal strips, and
were also pitted transversely at the

clearance spaces next the crank webs.

These were cleaned out, filled up, and
the bearings adjusted. The thrust shaft

was much corroded at the exposed
parts of the collars and journal; it was
turned all over and the horseshoes and
bearing were refilled with white metal.

The intermediate length of tunnel shaft-

ing was much corroded at the exposed
part of the journal ; and as it was also re-

duced by wear, a new journal was turned
further forward, and the bearing shifted

to suit. The propeller and the propel-

ler-shaft were found in good order.

The centrifugal pumping engine was
considerably wasted in the rods, guide,

etc. , and was treated like the main en-

gines. The duplex pumping engine
and donkey boiler pump were so seri-

ously corroded as to be useless, and
they were replaced by new ones. The
brass steam valve and one pet-cock of

the duplex pumping engine were curi-

ously wasted into holes; and the check
valve and seat on the main boiler had
the appearance of some substance,

probably zinc, having been sucked out
of them.

From the appearance of the donkey
copper feed pipe it was feared that all

the copper pipes were seriously affected.

A similar bend in the main feed pipe

was therefore sawn through, but was
found to have suffered no deterioration.

All the pressure pipes, however, were
taken down, tested, and annealed; no
defects were detected, and they were all

replaced. But in putting together the

various steam and vacuum gauges, the

small connecting pipes were found in

several places to be curiously wasted
below the coupling nut.

It is unnecessary to enumerate the

bolts, nuts, cock handles, spanners, and
such small details, which were wasted
into mere shadows of their former
selves, and had to be renewed.

The safety valves of the main boiler

having been eased when the vessel was
beached, the boiler had filled with

water, and the condition of both boilers

looked serious. The front end plate of

the main boiler was considerably wasted
;

the furnaces, which are of the spiral

corrugated type, had corrosive scores

running in the direction of the corruga-

tions; and the tubes were covered with

a deposit of what appeared to be pure
metallic copper. In the end, however,
after careful drilling and gauging, it

was found that an unexhausted margin
remained in all except the tubes. These
were all found to be seriously corroded
in both boilers, and every tube was
therefore cut out and renewed, after

which the boilers were satisfactorily

tested.

Although the utmost vigilance and
care had been exercised in examining
as far as possible every point and de-

tail, latent defects might have existed,

and it was not with complete confidence



HORATIO ALLEN. 47

1

that steam was again raised and the
machinery tried. Neither then, how-
ever, nor in the months of continuous
service which have since elapsed, has
the slightest defect been perceived, and
the machinery is now, thanks to its

thorough overhaul, working with the
efficiency and economy which it pos-

sessed when new.

The lessons to be learnt from this ex-

perience are probably obvious enough.
Some of them are for the shipowner
rather than the engineer, and, there-

fore, need hardly be referred to here;

but it may be well to emphasise two of

the others.

First.—The advantage of having, in

marine engines and boilers, a small
margin over the the actual requirements
for strength. In the various rods,

shafts, and similar parts, such a diameter
as would allow them to be skimmed up;
in the cylinders, valves, etc., such thick-

ness as would allow them to be bored
or planed afresh; and in the furnaces,

combustion chambers, and stays, a
slight excess of thickness over that re-

quired by the rules.

Second.—The advantage of good
paint. Many engineers prefer polish to

paint; but in this instance the latter

truly cost little, and was worth much.

HORATIO ALLEN.

A Chapter in American Railroad History.

By Alfred Mathews.

HORATIO ALLEN, whose chief

title to popular regard lay in the

fact that he acted as engineer,

on its trial trip, of the first practical

railroad locomotive in America, the
" Stourbridge Lion," had, in reality,

several better claims than that, to the

esteem of the discriminating.

In the ranks of the profession which
he followed he was recognised as one
of the most accomplished civil engineers

of his time, while in wider circles he
was acknowledged one of the most pro-

ductive factors in the pioneering of the

American railroad, both in the capacity

of general promoter and mechanical ex-

pert.

Horatio Allen was born at Schenec-
tady, N. Y. , May 10, 1802, graduated
from Columbia College in 1823, and
immediately engaged in civil engineer-

ing. This was his principal occupation

during his long life, the active part of

which was for the most part spent in the

metropolis of his native State, though
the works for which he became most
famous were achieved elsewhere.

His first important connection was
with the Delaware and Hudson Canal
Company, that enterprising New York
organisation which was a pioneer in

opening the immense Pennsylvania an-

thracite coal region. In 1S25 he was
appointed assistant engineer for a por-

tion of the canal between the Hudson
and Delaware rivers, and in 1827 he was
appointed to the same position for the

remainder of the canal to the site of

Honesdale, Pa., and had in charge also

the company's project for transporting

coal from the Lackawanna region and
the Moosic mountains to the head 01

the canal on the Lackawaxen. This

operation necessitated a railroad,—the

same that became, by successive devel-

opments, the present famous gravity

road of the Delaware and Hudson Canal
and Railroad Company,—and it was to

meet the problem of transportation upon
this pioneer road that young Allen de-

voted himself to the study of the loco-

motive, and brought about the impor-

tation of the first in America, which was
built in England under his directions



472 CASSIER'S MAGAZINE.

and made its initial trip under his per-

sonal control, thus securing for him a

fortuitous fame as " the engineer of the

first locomotive in the country."

This eclipsed, to some extent, the

distinction which he gained on other

and truer grounds. His attention had
been called to the possibilities of the

locomotive by the success of George

THE " STOURBRIDGE LION," THE FIRST LOCOMOTIVE TO TURN
A WHEEL IN AMERICA.

Stephenson and the subject had so

grown upon him that in the fall of 1827
he went to England to make a practical

study of the " new machine " and inci-

dentally of railroad construction and
operation as practiced there. He was
commissioned by John B. Jervis, chief

engineer of the Delaware and Hudson
Canal Company, to purchase the bar or

strap iron for the railroad between
Honesdale and Carbondale, the chains

to be used on the inclined planes, and
three locomotives to be run on the rail-

road levels.

Mr. Allen devised a new method for

making the rails, which, though pro-

nounced impracticable by a majority of

the iron masters whom he consulted,

was finally given a trial

at Wolverhampton and
proved so successful that

all the rails used by the

company upon its first

road were turned out by
that process.

The procuring of the

locomotives was the most
problematical part of Mr.
Allen's commission. He
spent several weeks on
the Stockton and Darl-

ington railway, studying
the construction and op-

eration of Stephenson's
locomotives, and finally

placed his orders for

them, to be built upon
the general plan of those

he had seen, but with cer-

tain improvements of his

own invention. George
Stephenson built two of

these, and Foster, Ras-
trick & Co., of Stour-

bridge, the third, which
happened to be the first

received in America,

—

the " Stourbridge Lion."
It arrived at New York

in May, 1829, and was
soon given a test at

the West Point foundry,

in that city, in the pres-

ence of the directors

of the company, Mr.

Allen (who had returned in the fall

of 1828) and several other interested

persons. On this occasion it was not

upon a track, but merely raised upon
blocks, but it was soon to have a further

and full trial, for, being shipped by the

canal to Honesdale, in Pennsylvania, it

was there placed upon the track, and on

August 8, 1829, under the guidance
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and management of Mr. Allen, it was
given its initial trip before a great as-

semblage of people from the surround-
ing country. ~~Z'

~~

It acquitted itself to their great de-

light and wonder and to its engineer's

entire satisfaction. Strange to say, al-

though Horatio Allen, who thus acted
as engineer of the first locomotive in

America, for many years had much to

do with railroads, he never again served
in the capacity that he had on that red
letter day in the history of the Ameri-
can railway. There were then but
twenty-three miles of railroad track in

the whole United States and Mr. Allen
lived until sixty years later, at which
time the mileage had increased to over
150,000.

Mr. Allen's next service ofimportance
to the development of railway transpor-

tation was in South Carolina. In Sep-
tember, 1829, only a month after his ex-

ploit at Honesdale, which consummated
his brilliant achievements for the Dela-

ware and Hudson Canal Company, he
arrived in Charleston to enter on his

duties as chief engineer of the South
Carolina railroad, connecting Charles-

ton, S. C. , and Augusta, Ga. The
question as to what motive power
should be used was under consideration

and Mr. Allen at once submitted a re-

port in favour of the use of the locomo-
tive rather than horse-power, after mak-
ing an elaborate presentation of the

comparative cost, the estimate as to the

former being based on his minute in-

quiry as to the Stockton and Darling-

ton railway in England.
Mr. Allen showed that the cost of

locomotive power was less than that of

the horse, but did not content himself

with a survey of the facts as they then

existed, but took into consideration the

probabilities of advancement. His con-

tention for the locomotive, as he quaint-

ly put it, " was on the broad ground
that in the future there was no reason

to expect any material improvement in

the breed of horses, while in my judg-

ment, the man is not living who knows
what the breed of locomotives is to place

at command."
That official act of Mr. Allen was far

more important, if less spectacular, than
his running of the hrst locomotive in

America, for it led to the introduction
of the locomotive in a practical way and
established it as a permanent feature of
the railroads in the United States. His
recommendation was unanimously ac-

cepted by the board of directors of the
South Carolina railrcad, and their reso-

lution, in Mr. Allen's language, " was
the first act by a corporate body in the
world to adopt the locomotive as the

tractive power on a railroad for general
passenger and freight transportation."

Under Mr. Allen's direction the first

locomotive for this company was built

at the West Point Foundry, in New
York, which, having been duly named
" The Best Friend of Charleston," was
put upon the road on November 2,

1830, and immediately was demon-
strated a success. It was the first loco-

motive built in America and the first

that ran regularly on a railroad in the

United States (for the " Stourbridge
Lion " had not been continued in use).

In 1831 Mr. Allen designed a second
engine for this road, which was built at

the same factory and called
'

' The South
Carolina."

Mr. Allen, as chief engineer of the

South Carolina railroad, had the road
completed, 135 miles in length, in 1833,
and it was then the longest continuous

line in operation in the world. Mr.
Allen always claimed that it was the

first one built primarily for passenger

travel, the pre-existing ones having
been built mainly for the transportation

of coal and freight.

Such, in brief, was Mr. Allen's con-

nection with the early railroad enter-

prises ofthe United States. He brought
to the work valuable initiatives and
mechanical inventions and performed
an important part in the pioneering of

transportation by steam and rail. He
early retired from the special field in

which he exerted so useful an activity—

-

that is, from railroad engineering,

though he continued to carry on his

profession for many years and had much
to do with railroads as a director and
executive officer.

He became connected with the Croton



474 CASSJER'S MAGAZINE.

aqueduct in New York as principal as-

sistant engineer, and had particular

charge of the construction, among other

things, of High Bridge over the Harlem
river in New York city. He was for

some time president of the Novelty
Works, in the same city; was president

of the Erie Railroad Company on its

first formation, and in 1872-3 was presi-

dent of the American Society of Civil

Engineers. He lived in semi-retire-

ment for many years and died at his

home in South Orange, N. J., on De-
cember 31, 1889.

**4

©xtrretxt gupixs.

That the contest of the corps of en-

gineers of the United States Navy for

military rank and increased numbers,
has aroused great bitterness within the

naval personnel, is forcibly and unpleas-

antly shown by the press reports of the

charges filed by Captain Philip H.
Cooper, superintendent of the United
States Naval Academy, against Commo-
dore George W. Melville, the engineer-

in-chief of that service. These charges
have received, apparently, no consider-

ation whatever from the secretary of

the navy, and, in detail, have not been
given publicity. It is understood, how-
ever, that they are based on statements
made by the engineer-in-chief in an
article printed in the North American
Review, in which the words occur:—

-

" Annapolis is either unable or unwill-

ing to train naval engineers, and, if its

work is brought into comparison with
that of other institutions, the naval
academy will be compelled to extend
its engineering curriculum or show cause
for its existence." As to the official

standing of the report of the'superin-

tendent, it may be said that the United
States navy regulations require officers

of all grades to obtain the permission

of the secretary before giving their

views in print. That this permission

was given in this case, does not admit

of doubt; and, since the publication of

the article was thus authorised, no
charges founded upon it would seem to

carry weight, especially with so impar-

tial an official as the present secretary

of the navy.

Moreover, the propriety of the

views of the engineer-in-chief is beyond
question. The institution at Annapolis

had, at one time, a notably thorough en-

gineering course, the students entering

by competitive examination. Some of

the graduates of those days hold, now,
professorships of engineering in the

Lawrence Scientific School of Harvard
University, and in the Universities of
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West Virginia, Cornell, Ann Arbor,
Mich., and Pennsylvania. In recent
years, however, there has been a

change. The special course of four

years for cadet engineers has been
abolished; all cadets receive the same
instruction for three years, and it is

only during the fourth, and last, year
that professional studies are pursued by
the cadets transferred, at that time, to

the engineer division. The reason for

this change, in a navy which has be-

come wholly engineering, can be only
that indicated by a candid officer of the
line, who is reported to have said:

—

The engineers were getting so many
able men, that we had to stop it; other-

wise, as they came over one gangway,
they would have driven us over the
other." It seems to have been a ques-

tion of the preservation of the prestige

of the line branch.

The Naval Academy does not exist to

further the interests of any one corps in

the United States Navy.' One purpose
for which it is maintained by the gov-
ernment, is the training of engineer
officers. If this work is not performed
properly, the nation may well call its

faculty to account, and Commodore
Melville will be supported in his state-

ment and honoured that, in making it,

he has shown the full courage of his

convictions. The position which this

officer holds in popular estimation is

well stated by the Globe, of London,
England, which says:—" Outside his

profession, of which he is so brilliant

an ornament, he gained fame and ad-

miration for the heroic way in which he
took charge of the ill-fated Arctic ex-

pedition of theJeannette, after the death
of her captain and so many others.

* * * His countrymen are very
proud of him." Of his landing, to

plant the flag on Henrietta Island in

those northern seas, De Long, the com-
mander of the Jeannette, said in his

Journal:—" Near the island, the ice

was all alive, and Melville left his boat

and supplies, and, carrying only a day's

provisions and his instruments, at the

risk of his life went through the terrible

mass, actually dragging the dogs,

which, from fear, refused to follow their

human leaders."

When, later on, that commander and
his boat' screw landed in the Lena Delta

and wandered on to snowy graves, Mel-

ville, practically alone, set out to find

them; and, in the record of human en-

deavour, there is nothing finer than the

story of his long search, as he faced the

fierce wind and driving snow, half

starved, with crippled and bursting

limbs, the deadly cold benumbing all else

but the iron will and the dauntless cour-

age. Commodore Melville has, further,

been one of the builders of the modern
fleet of the United States. Many mill-

ions of dollars have been expended by
his bureau in this, with such success as

could have been won only by a man of

his forceful genius as a designer, his

great administrative ability, and his

sterling integrity. The filing of trivial

and unwarranted charges against such

an officer constitutes an indignity upon
him which is unjustifiable. One does

not measure mountains with a two-foot

rule, and the micrometer of the marti-

net is not the gauge for men of his

mould. Such facts, indeed, have come to

light as to " queer doings in the navy
that one may well wonder whether the

traditional combination of " officer and
gentleman '

' is not one that should be

much qualified when applied to any
one of that crowd of undignified land

sailors who, for either want of sea serv-

ice, or chronic distaste for their legiti-

mate profession, can find nothing much
better to do at Washington than trying

to belittle and harass the naval engineer

and injure the efficiency of the service

bv methods that would do credit to an

American ward politician.

The overwork to which naval en-

gineers are subjected was again evi-

denced in the eight-day manoeuvres, a

short time aeo, of the North Atlantic
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squadron of the United States navy.

On the battleship Indiana Chief En-
gineer Tower and one of his assistants,

A. McAllister, collapsed. This repre-

sents 50 per cent, of her complement of

engineer officers. That is to say, the

"endurance" of the battleship Indiana,

under easy manoeuvres in time of peace,

is practically just eight days, as far as

her absurdly insufficient engineering
complement is concerned. There seems
no doubt that, in the event of war, there

would be naval collapse under present

circumstances. In addition to the offi-

cers mentioned, several machinists and
a number of firemen were brought up
from below prostrated. Within the past

few weeks also Chief Engineer Broth-
wick, of another ship, was recommended
for retirement, by reason of injuries inci-

dent to active service. This is a pretty

sorry record—one that any naval power,
worthy of the name, should be ashamed
to have known. The only consolation

that the United States has in the matter
is the poor one that the British navy is

in a similar, but not so hazardous, a

plight. One would think that both gov-
ernments would promptly take sensible

measures, tending to a proper valuation

of naval engineers' services, and a de-

cent recognition of the fact that they
are all-important to the value of their

men-of-war as fighting machines.

Specialisation in professional pur-

suits, in engineering particularly, has

become the natural and proper result

of the growth of applied science. The
civil engineer of past generations, who
was supposed to command a compre-
hensive knowledge of every branch of

engineering then practised, from the

design of a steam engine or machine
tool to that of a bridge, or city drainage
system, or complete waterworks plant,

has virtually ceased to exist, and in his

stead we find the steam engineer, the

sanitary engineer, the bridge engineer,

and the engineer of various other sub-

divisions of the great field of engineer-

ing, each an expert in his particular

line. It has been found impossible for

one man to combine within himself the

detail knowledge necessary to practise

all these branches with entire success.

One branch alone is almost sufficient to

make a life study, and the engineering

specialist of to-day finds himself busily

enough occupied in keeping abreast of

the times.

What is true of professional work is

quite as true of manufacturing opera-

tions, and there is, thus, every reason to

believe that the builder who will confine

himself to one particular class of, say,

machine tools, or steam engines or other

machinery, will be able to turn out a

better article all around than one who
builds a large line of machinery of mis-

cellaneous character. In the one case

all the interest of the maker is centred

in just one product, all his energies are

devoted to making that an example of

the highest type of excellence, and all

his experience is given to that account.

His name and reputation become em-
bodied in the machine. He is not apt

to be satisfied with turning out a fairly

good machine, but will be more likely

to strive toward making the best ma-
chine that his brains, and capital, and
shop facilities can produce. The large

shop, with miscellaneous output, may
be divided up into departments, each

devoted to one particular manufacture,

and each under competent direction,

and yet the result will probably not be

quite the same. The personal element

of pride will be more or less lacking.

The machines will be without the stamp^

of individuality.

Apropos of these remarks there

comes to mind the story told of the

maker of the Maydole hammers, whose
name, in the United States, has become
so well associated with his goods that it

is, in itself, a guarantee of the very best

quality. In an address before one of

the business colleges, a number of years

ago, the late President Garfield related

it as an illustration of the success that
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is sure to follow persistent effort in a

worthy cause when exerted in the proper
direction. What he said of Mr. May-
dole will bear repeating:

—
" Thirty

years ago a boy was struggling through
the snows of Chenango Valley, trying

to hire himself out to a blacksmith. He
succeeded, and learned his trade; but
he did more. He took it into his head
that he could make a better hammer
than any other man had made. He de-
voted himself to the task for more than
a quarter of a century. He studied the
chemistry of metals, the strength of

materials, the philosophy of form. He
studied failures. Each
broken hammer taught
him a lesson. There was
no part of the process

that he did not master.

He taxed his wit to invent

machines to perfect and
cheapen his processes.

No improvement in work-
ing steel or iron escaped
his notice. What may
not twenty-five years of

effort accomplish when
concentrated on a single

object ? He earned suc-

cess; and now, when his

name is stamped on a steel

hammer, it is his note, his bond, his in-

tegrity, embodied in steel. The spirit

of the man is in each hammer, and the

work, like the workman, is unrivalled.

Mr. Maydole is now acknowledged to

have made the best hammer in the

world. Even the sons of Thor, across

the sea, admit it. While I was there,

looking through his shop, with all its

admirable arrangements of tools and
machinery, there came to him a large

order from China. The merchants of

the Celestial Kingdom had sent down
to the little town to get the best that

Anglo-Saxon skill had accomplished in

the hammer business. It is no small

achievement to do one thing better than
any other man in the world has done
it." It is told, too, that at one time a

visitor to Mr. Maydole' s shop, after

having gone through the establishment,

said to him that evidently he made " a

pretty good hammer," to which the

response quickly came, " No, I do not
make a pretty good hammer. I make
the best hammer in the world."

The Lartigue single-rail system of

railways has again put forward a claim

for attention in England, Mr. F. B.

Behr, of London, at present urging its

advantages for high-speed passenger
service. For this, however, it will

scarcely commend itself to many en-

gineers. The actual examples of Larti-

gue road which have been in operation

LISTOWEL AND BALLYBUNION LARTI-

GUE RAILWAY IN IRELAND.

:^cr^r

in Ireland and in France for a dozen or

more years past have, in fact, confined

themselves to the transportation of in-

animate things, and at relatively low
speeds, too, so that they are certainly

not good illustrations of high-speed
capabilities. A fair idea of the struct-

ure may be obtained from the accom-
panying sketch, which represents a view
on the Listowel and Ballybunion railway

in Ireland. The main rail of the road
is to be on an elevated structure on
which the carriage rests. Extending
over a triangular frame, the sides of the

car overhang this structure, thus lower-

ing the centre of gravity of the tram
and obviously increasing stability. On
each side of the frame are placed two
guide rails for small wheels, which run
horizontally and serve to take up the

lateral stress. The trouble with these

will be mainly at curves where consid-

erable grinding will be inevitable. With
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increased stability, the inventor seems to

argue, an increase of speed over the
present systems of propulsion is an easy
matter,—in fact, a possible speed of 150
miles an hour is claimed. Leaving
aside all such drawbacks as curves,

grinding of the guide wheels on the

bottom of the frame, the slipping of the

wheels alone would prevent such speeds.

On present steam roads increase of

speed is, or has been, made possible,

by a constant increase of the diameter
of the wheels, until we have reached
seven-foot drivers. It is not known
how large Mr. Behr's guide wheels are,

but assuming them to be as much as

one foot in diameter, it would require

4177 revolutions per minute, or 70 revo-

lutions per second, to propel the car at

a rate of 150 miles an hour. This is,

to put it mildly, absurd. The London
Electrical Review looks upon this sys-

tem rather doubtfully, but one argu-
ment brought is worth noting, for as

much as we may agree on other points,

this one is certainly open to question.

The Review doubts that a fast road of

this sort, assuming it to be successful,

could " create a hidden and undevel-
oped mine of traffic which is to spring

into being with the facilities he offers."

We know from experience, however,
that this very thing has often occurred.

There are roads in a great many places

which have been a financial success
from the first day of their existence,

and from this point of view Mr. Behr
may gather some hope.

At this time of writing, Messrs.

Thornycroft & Co., the well-known
English builders of torpedo boats, are

going through a unique experience in

the way of a strike. The trouble is

about the construction of water tube
boilers, the introduction of which has
changed the boiler work for vessels,

where they are to be used, from a riv-

eting together of great shell structures,

to the attachment of a series of pipes

by means of screw joints. The manu-
facturers who made contracts with the

Admiralty to build these boilers thought
the fitters, or engineering artisans, were

best suited to do the work and turned
it over accordingly to them. The fitters

belong to the powerful English trades

union known as the Amalgamated Soci-

ety of Engineers. While the innovation

was in the experimental stage the boiler

makers made no trouble, but when it

became apparent that the new form of

construction was likely to revolutionise

the whole boiler industry, the strong
Boiler Makers' and Iron Shipbuilders'

Society stepped in and demanded that

the work should be done only by mem-
bers of their union. This point of differ-

ence between the two great unions was
one of the difficulties to be settled in

the recent strike that closed the Irish

and Scotch shipyards. An arbitrator

there decided that the work should go
to the boiler makers.

The Thornycrofts, as is well known,
have made a specialty of the delicate

machines known as torpedo boat de-

stroyers. When the boiler makers
came to them, insisting that the boiler

work should be turned over to members
of their union, the firm proved conclu-

sively that more skilled mechanics were
needed than the union could supply,

but finally agreed to stop work on such
boilers till the two unions could come
to some agreement as to what should be
done. So long as they could fulfill

their contracts they were willing to

leave the decision of this matter to the

men. The result has been that for

three months work has been stopped,

penalties for the delay are accruing on
government contracts and those with

foreign purchasers, while the strike is

no nearer settlement than it was at the

beginning. On some boilers which were
completed and only need to be tested

the firm asked the men to allow the

testing to be done by outsiders, without
prejudice to the question pending, and
the men refused. The latest develop-

ment is that all the fitters at the Thorny-
croft works have gone on strike, and
the firm have informed the boiler mak-
ers that in consequence there will soon
be no work for them to do. The folly
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and selfishness of this strike cannot be
concealed. There is plenty of work for

all the men, so soon as they agree to a

new adjustment, in answer to an inevit-

able change of conditions, sharing the

work between them equitably. The
strike is doing serious injury to the la-

bour cause, as public sympathy is nat-

urally with the innocent employers, who
are suffering on account of the obstinate

fight for monopoly in work by the un-
ions to which their workmen belong.

With smoke preventing devices

galore, a timely interest is attached to

the recent well-put exposition of the re-

quirements which such an apparatus
should fill. It was made by Professor

C. H. Benjamin before the Civil En-
gineers' club, of Cleveland, as part of

a discussion of the ever-present problem
of fuel economy and smoke suppression.

In the first place, according to Professor

Benjamin, there should be the possibil-

ity of varying the feed of the stoker

quickly and conveniently. In the sec-

ond place, it is necessary that the spac-

ing of the grate bars should be variable;

that the air spaces between the bars

may be varied, and the coarseness and
fineness of the grate may be quickly
adapted to the particular kind of coal

used. Third, it is necessary that the

grate bars should be of the automatic
shaking type, so as to prevent the for-

mation of clinkers and facilitate the

dropping of the ashes. Some form of air

control is quite important. Almost any
form of stoker or grate under hard serv-

ice needs a high chimney. The great

difficulty in many establishments is that

the chimney is not high enough and the

draught not powerful enough. There
should be a margin, and the fireman
should have the means of controlling it.

If there is not enough draught, the fire-

man cannot do anything; if there is too
much he can easily reduce it. It is im-
possible to get good results with a

small grate. A grate which is large

enough under ordinary conditions is

not large enough under sudden emer-
gencies.

In order that a stoker may commend
itself to a purchaser, it should be easily

accessible for cleaning and repairing,

and it should be so located that it can
be taken out and replaced without tear-

ing out the whole front of the boiler.

This is one of the serious objections to

several forms of stokers which other-

wise are very desirable. Where the

feed water is pure, the water grate is a

success, but with scale-forming water
it will give more or less trouble.

Among the requirements in smoke
prevention no item is of such im-

portance as good firing. A good
fireman can, with an ordinary grate,

give good economy, and, to a large ex-

tent, prevent the formation of the
smoke, if the boiler is not forced be-

yond its capacity. A good fireman is

just as necessary with any form of

stoker that has ever been used. The
reason why so many chimneys smoke
is partly because there is not enough
fireman and also because there is not
enough boiler. A judicious selection

of stoking apparatus, a chimney of

proper size, a boiler which is at least

half as big as it ought to be, and a fire-

man who is worth more than a common
labourer's wages,—these, Professor

Benjamin sums up, are the principal

things necessary to prevent smoke.

In connection with Professor Benja-

min's specifications in this matter a

recent editorial in The Engineer, of

London, is worth noting. Speaking of

the attempt which was made in Sheffield

a short time ago to reform the condition

of the atmosphere by abating the almost
intolerable smoke nuisance, and from
which, by the way, nothing has come
in the way of improvement, The En-
gineer says:

—
" The smokeless furnace

is not in all cases and ways desirable.

Much nonsense has been said and writ-

ten about the waste of fuel entailed by
the production of smoke. It has been
pointed out, however, that as a matter
of fact the quantity of carbon thus

wasted is quite insignificant. A few
ounces of coal will leave a trail in the

air half a mile long. Baffled on this
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score, the smokeless folk have persist-

ently urged that the waste was not due
to unburned carbon, but to the produc-
tion of carbonic oxide, instead of car-

bonic acid, in the furnace. But careful

experiments, conducted under all sorts

of circumstances, have shown that this

evolution of carbonic oxide is a myth.
Beyond this, Dr. Anderson has directed

attention to the fact that a non-luminous
gas flame has little or no radiant heat,

.and that for the purpose of making
steam, a smoking lurid flame may be,

and usually is, far superior to a bright

fire and a clear flame. Moreover, the

prevention of smoke is commonly
effected by the admission of a large

volume of air over the fire—much more
air than is needed for combustion. The
result is that it is no uncommon thing

to find a boiler which has steamed well

while the chimney gave out volumes of

smoke, steam very badly indeed when
fitted with smoke preventing appliances.

Many years ago a determined effort was
made to prevent certain tug boats on
the Thames from smoking. The at-

tempt was in one way quite successful

;

in another it was a total failure, because
the boilers could not make steam
enough under the new conditions.

Facts such as these are not easily

realised. Many worthy persons are

slow to believe them, or will not believe

them at all. But they go very far to

explain the apparent apathy of steam
users, and their reluctance to interfere

with firing arrangements which have
served them well.

'

' Again, nothing is more often heard
in this connection than the statement

that the prevention of smoke means a

direct reduction in coal bills. The
statement has no general application.

It is true of certain special cases, but
not of all. If there is really one-half

the money to be made that the world
is told may be made by preventing
smoke, then no smoke would be seen.

As a rule, it will be found probably a

little more expensive to prevent smoke
than not. In particular cases automatic

stokers have effected a considerable sav-

ing; but this, as a rule, has had noth-

ing to do with smoke prevention. The
firing machine permits an inferior fuel

to be burned, and there is a saving in

consequence. Small slack at 3s. 6d. a

ton takes the place of round coal at 8s.

6d. There is here a large margin for

economy. We do not wish it to be as-

sumed that we are opposed to the pre-

vention of smoke when coal is burned
to make steam; far from it. But we
assert that the thing should be done,

not because money is to be saved there-

by, but because it is expedient that the

atmosphere of our towns and cities shall

be kept as clean as possible. Smoke,
in one word, should be prevented, not

in the hope of reward, but simply be-

cause it is right."

A good illustration of the growing
appreciation of electric storage batteries

for central station work is afforded at

Zurich, in Switzerland, where the station

which supplies current for lighting the

city, has put them to use in helping to

manage the night load. The latter has

for some time been near the maximum
output of the station, and the street

mains, too, were not adequate for deal-

ing with much heavier currents than

those employed at the time. When
the demand came for current for light-

ing the new large music hall of the city,

it was, therefore, decided to install an
accumulator plant in the cellar of the

building and to charge the batteries

from the central station during the day
time when the load, up to that time,

had been relatively light, thus tending

to level. the load line,—that ever pres-

ent problem for the station manager,

—

and at the same time avoiding the mak-
ing of any changes in the service mains.

The consumption of current for the

music hall is equivalent to two thousand

16-candle power lamps. The station

current is alternating and current recti-

fiers are, therefore, used to change it

to continuous current for charging the

batteries.










